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(54) Electrostatic actuator and cannera module using the same 



(57) An electrostatic actuator comprises a first sta- 
tor section (1) having a first electrode array (12) ar- 
ranged in a first direction, and a second stator section 
(2) having a second electrode array (22) of electrodes 
formed in the first direction. A movable section (3) hav- 
ing a fifth electrode (33) and a sixth electrode 34 ar- 
ranged to face the first electrode array (1 2) and the sec- 
ond electrode array (22), respectively, is arranged be- 
tween the first stator section (1) and the second stator 
section (2). A driving circuit (4) alternately performs a 



first driving operation in which a DC voltage is applied 
between the adjacent electrodes of the first electrode 
array (12) and a second driving operation in which a DC 
voltage is applied between the electrodes of the second 
electrode array (22). The voltage application is succes- 
sively performed by deviating the positions of the elec- 
trodes to which the DC voltage is applied by the first 
driving operation so as to move the movable section (3) 
in the first direction while vibrating the movable section 
(3) between the first stator section (1) and the second 
stator section (2). 
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Description 

[0001 ] The present invention relates to an electrostat- 
ic actuator for driving a movable section arranged be- 
tween a pair of stator sections by utilizing an electrostat- 
ic force (Coulomb force), particularly, to an electrostatic 
actuator that makes it unnecessary to use an electric 
wiring connected to the movable section and a camera 
module using the particular electrostatic actuator in the 
focus adjusting mechanism. 

[0002] An electrostatic actuator comprising a mova- 
ble section arranged between a pair of stator sections, 
said movable section being driven by an electrostatic 
force (Coulomb force), is disclosed in, for example, Jap- 
anese Patent Disclosure (Kokai) No. 8-140367. The 
conventional electrostatic actuator disclosed in this prior 
art comprises a first stator section and a second stator 
section, which are arranged to face each other and a 
movable section arranged between these first and sec- 
ond stator sections. A first electrode array consisting of 
a plurality of electrodes arranged at a predetermined 
pitch in the longitudinal direction is mounted to the first 
stator section. Also, a second electrode array consisting 
of a plurality of electrodes arranged at a predetermined 
pitch in the longitudinal direction is mounted to the sec- 
ond stator section. It should be noted, however, that the 
phase of the electrodes of the first electrode array is de- 
viated from the phase of the electrodes of the second 
electrode array by a 1/2 pitch. 

[0003] To be more specific, the electrodes of each of 
the first electrode array and the second electrode array 
are divided on the imaginary basis into four groups A. 
B, C and D, with every two electrodes in the arranging 
direction fonning a single group, and a DC voltage Is 
applied between the electrodes of each of these groups 
and the electrodes on the movable section. 
[0004] In the conventional electrostatic actuator dis- 
closed in this prior art, the driving operations (1) and (2) 
given below are alternately repeated: 

(1 ) A DC voltage is applied between the first elec- 
trode array and the electrode mounted to the mov- 
able section so as to attract electrostatically the 
movable section toward the first stator section; and 

(2) A DC voltage is applied between the second 
electrode array and the electrode mounted to the 
movable section so as to attract electrostatically the 
movable section toward the second stator section. 

[0005] By the driving operation given above, the mov- 
able section is macroscopically moved successively in 
the longitudinal direction of the stator sections by 1/2 
pitch of the electrode array while being vibrated micro- 
scopically between the first stator section and the sec- 
ond stator section. The moving direction of the movable 
section can be changed by changing the order of apply- 
ing a DV voltage to the electrodes of groups A. B, C and 
D. Specifically, the movable section can be moved in a 



first direction by applying a DC voltage to the electrodes 
of groups A and B, the electrodes of groups B and C. 
the electrodes of groups C and D, and the electrodes of 
group D in the order mentioned. Also, the movable sec- 
5 tion can be moved in a second direction opposite to said 
first direction by applying a DC voltage to the electrodes 
of groups D and C, the electrodes of groups C and B, 
the electrodes of groups B and A, and the electrodes of 
group A in the order mentioned. 
10 [0006] In the conventional electrostatic actuator, uti- 
lized is the electrostatic force generated when a DC volt- 
age is applied between the electrode arrays on the sta- 
tor sections and the electrode on the movable section 
so as to make it absolutely necessary to mount an elec- 
ts trical wiring to not only the electrode arrays on the stator 
sections but also to the electrode on the movable sec- 
tion. Since it is necessary to mount an electrical wiring 
to the movable section, the mass production capability 
of the electrostatic actuator is impaired. Also, since the 
20 space for the wiring is required, the miniaturization of 
the electrostatic actuator is impaired. Further, since the 
movable section is moved frequently, stress is applied 
to the wiring to the electrode on the movable section, 
with the result that the reliability is lowered during use 
25 of the electrostatic actuator over a long time. 

[0007] It should also be noted that, in the conventional 
electrostatic actuator, a dielectric film is formed on the 
electrode as a measure against the insulation break- 
down. What should be noted is that the dielectric polar- 
30 ization is generated in the dielectric film when a DC volt- 
age is applied between the electrode arrays on the sta- 
tor sections and the electrode on the movable section. 
The dielectric polarization produces the force for keep- 
ing the movable section, which is attracted to one of the 
35 stator sections, attracted to the particular stator section. 
The potential difference produced by the dielectric po- 
larization is small. However, since the distance between 
the movable section and the stator section is small, it is 
possible for the force produced by the dielectric polari- 
se zation to become larger than the electrostatic force pro- 
duced between the electrode on the other stator section 
and the electrode on the movable section , with the result 
that the nomial moving operation of the movable section 
tends to be obstructed. 
45 [0006] As described above. In the conventional elec- 
trostatic actuator, in which the movable section is moved 
by utilizing the electrostatic force generated when a DC 
voltage is applied between the electrode array on the 
stator section and the electrode on the movable section, 
50 it is absolutely necessary to mount an electrical wiring 
to the electrode on the movable section so as to give 
rise to the problems that the mass production capability 
of the electrostatic actuator is lowered, that the electro- 
static actuator is rendered bulky because of the require- 
55 ment of the space occupied by the electrical wiring, and 
that the reliability of the electrostatic actuator is lowered 
over a long time. 

[0009] in addition, the conventional electrostatic ac- 
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tuator gives rise to the problem that the moving opera- 
tion of the movable section is rendered unstable under 
the influence of the dielectric polarization taking place 
in the dielectric film fomned on the electrode as a meas- 
ure against the insulation breakdown. ^ 
[0010] An object of the present invention is to provide 
an electrostatic actuator that makes it unnecessary to 
mount an electrical wiring to the movable section. 
[0011] Another object of the present invention is to 
provide an electrostatic actuator that pemiils eliminating 
the influence given by the dielectric polarization of the 
dielectric film fomied on the electrode so as to realize a 
stable operation. 

[0012] Further, still another object of the present in- 
vention is to provide a camera module using the partic- ^5 
ular electrostatic actuator of the present invention in the 
focus adjusting mechanism. 

[0013] According to a first aspect of the present inven- 
tion there is provided an electrostatic actuator, compris- 

20 

ing: 

[0014] According to a first aspect of the present inven- 
tion, there is provided an electrostatic actuator, compris- 
ing: 

a first stator section including a first electrode array ^5 
including first, second and third electrodes ar- 
ranged at a predetemnined pitch in a first direction; 
a second stator section arranged to face the first 
stator section and to define a space between the 
first and second stator sections, and including a 30 
second electrode array including fourth and fifth 
electrodes extending in the first direction; 
a movable section arranged in the space and in- 
cluding a first electrode section facing the first elec- 
trode array and a second electrode section facing 35 
the second electrode array, the first and second 
electrode sections being maintained at a predeter- 
mined floating potential; and 
a driving circuit configured to apply DC voltage sig- 
nals to the first and second electrode arrays, alter- 40 
natively, the DC voltage signal having a first level 
higher than the predetemnined floating potential and 
a second level lower than the predetermined float- 
ing potential, 

the first DC voltage signal being applied to the ad- -^^ 
jacent first and second electrodes of the first elec- 
trode array to attract the first electrode section of 
the movable section during a first period, the first 
and second electrodes of the first electrode array 
being maintained at the first and second levels dur- 
ing the first period, respectively, 
the second DC voltage signal being applied to the 
fourth and fifth electrodes of the second electrode 
array to attract the second electrode section of the 
movable section during a second period, the fourth 55 
and fifth electrodes of the second electrode array 
being maintained at the first and second levels dur- 
ing the second period, respectively. 



the third DC voltage signal being applied to the ad- 
jacent second and third electrodes of the first elec- 
trode array to attract the first electrode section of 
the movable section during a third period, the sec- 
ond and third electrodes of the first electrode an-ay 
being maintained at the first and second levels dur- 
ing the third period, respectively, 
the fourth DC voltage signal being applied to the 
fourth and fifth electrodes of the second electrode 
array to attract the second electrode section of the 
movable section during a fourth period, the fourth 
electrode of the second electrode array being main- 
tained at one of the first and second levels during 
the fourth period, and the fifth electrode of the sec- 
ond electrode array being maintained at the other 
of first and second levels during the fourth period, 
and 

the movable section being moved In the first direc- 
tion in accordance with the application of the first, 
second, third and fourth DC voltage signals. 

[0015] According to a second aspect of the present 
invention, there is provided an electrostatic actuator, 
comprising: 

a first stator section including a first electrode an-ay 
including first, second and third electrodes ar- 
ranged at a predetermined pitch in a first direction; 
a second stator section arranged to face the first 
stator section and to define a space between the 
first and second stator sections, and including a 
second electrode array including fourth, fifth and 
sixth electrodes arranged at the predetemnined 
pitch in the first direction; 

a movable section arranged in the space and in- 
cluding a first electrode section facing the first elec- 
trode array and a second electrode section facing 
the second electrode array, the first and second 
electrode sections being maintained at a predeter- 
mined floating potential; and 
a driving circuit configured to apply DC voltage sig- 
nals to the first and second electrode arrays, alter- 
natively, the DC voltage signal having a first level 
higher than the predetennin ed floating potential and 
a second level !ov,'er than the predetermined float- 
ing potential, 

the first DC voltage signal being applied to the ad- 
jacent first and second electrodes of the first elec- 
trode array to attract the first electrode section of 
the movable section during a first period, the first 
and second electrodes of the first electrode an^ay 
being maintained at the first and second levels dur- 
ing the first period, respectively, 
the second DC voltage signal being applied to the 
adjacent fourth and fifth electrodes of the second 
electrode an^ay to attract the second electrode sec- 
tion of the movable section during a second period, 
the fourth and fifth electrodes of the second elec- 
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trode array being maintained at the first and second 
levels during the second period, respectively, 
the third DC voltage signal being applied to the ad- 
jacent second and third electrodes of the first elec- 
trode array to attract the first electrode section of 
the movable section during a third period, the sec- 
ond and third electrodes of the first electrode array 
being maintained at the first and second levels dur- 
ing the third period, respectively, 
the fourth DC voltage signal being applied to the ad- 
jacent fifth and sixth electrodes of the second elec- 
trode array to attract the second electrode section 
of the movable section during a fourth period, the 
fifth and sixth electrodes of the second electrode ar- 
ray being maintained at the first and second levels 
during the fourth period, respectively, and 
the movable section being moved in the first direc- 
tion in accordance with the application of the first, 
second, third and fourth DC voltage signals. 

[0016] According to a third aspect of the present in- 
vention, there is provided an electrostatic actuator, com- 
prising: 

a first stater section including first and second elec- 
trode arrays each including first, second and third 
electrodes and arranged substantially in parallel 
and at a predetemiined pitch in a first direction; 
a second stator section arranged to face the first 
stator section and to define a space between the 
first and second stator sections, and including a 
third electrode array including fourth and fifth elec- 
trodes; 

a movable section arranged in the space and in- 
cluding a first electrode section facing the first elec- 
trode array and a second electrode section facing 
the second electrode array, the first and second 
electrode sections being maintained at a predeter- 
mined floating potential; and 
a driving circuit configured to apply DC voltage sig- 
nals to the first and second electrode an^ays and the 
third electrode array, alternatively, the DC voltage 
signal having a first level higher than the predeter- 
mined floating potential and a second level lower 
than the predetemnined floating potential, 
the first DC voltage signal being applied to the first 
electrodes of the first and second electrode arrays 
to attract the first electrode section of the movable 
section during a first period, the first electrodes of 
the first and second electrode arrays being main- 
tained at the first and second levels during the first 
period, respectively, 

the second DC voltage signal being applied to the 
fourth and fifth electrodes of the third electrode ar- 
ray to attract the second electrode section of the 
movable section during a second period, 
the third DC voltage signal being applied to the sec- 
ond electrodes of the first and second electrode ar- 



rays to attract the first electrode section of the mov- 
able section during a third period, the second elec- 
trodes of the first and second electrode arrays being 
maintained at the first and second levels during the 
5 third period, respectively, and the movable section 
being moved in the first direction in accordance with 
the application of the first, second and third DC volt- 
age signals. 

10 [0017] According to a fourth aspect of the present in- 
vention, there is provided an electrostatic actuator, com- 
prising: 

a first stator section including first and second elec- 
ts trode arrays each including first and second elec- 
trodes and arranged substantially in parallel and at 
a predetermined pitch in a first direction; 
a second stator section arranged to face the first 
staler section and to define a space between the 
20 first and second stator sections, and including third 
and fourth electrode arrays each including third and 
fourth electrodes and arranged substantially in par- 
allel and at a predetermined pitch in the first direc- 
tion, the third and fourth electrode array being ar- 
25 ranged at the same pitch as that of the first and sec- 
ond electrode arrays in the first direction and the 
arrangement of the third and fourth electrode arrays 
being deviated by the half of the predetemnined 
pitch from the arrangement of the first and second 
30 electrode arrays; 

a movable section arranged in the space and in- 
cluding a first electrode section facing the first and 
second electrode arrays and a second electrode 
section facing the third and fourth electrode arrays, 
35 the first and second electrode sections being main- 
tained at a predetermined floating potential; and 
a driving circuit configured to apply DC voltage sig- 
nals to the first, second, third and fourth electrode 
arrays, alternatively, the DC voltage signal having 
40 a first level higher than the predetermined floating 
potential and a second level lower than the prede- 
termined floating potential, 

the first DC voltage being applied to the first elec- 
trodes of the first and second electrode arrays to 

43 attract the first electrode section of the movable 
section during a first period, the first electrodes of 
the first and second electrode arrays being main- 
tained at the first and second levels during the first 
period, respectively, 

so the second DC voltage being applied to the third 
electrodes of the third and fourth electrode arrays 
to attract the second electrode section of the mov- 
able section during a second period, the third elec- 
trodes of the third and fourth electrode arrays being 

55 maintained at the first and second levels during the 
second period, respectively, 
the third DC voltage being applied to the second 
electrodes of the first and second electrode arrays 
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to attract the first electrode section of the movable 
section during a third period, the second electrodes 
of the first and second electrode arrays being main- 
tained at the first and second levels during the third 
period, respectively, 

the fourth DC voltage being applied to the fourth 
electrodes of the third and fourth electrode arrays 
to attract the second electrode section of the mov- 
able section during a fourth period, the fourth elec- 
trodes of the third and fourth electrode arrays being 
maintained at the first and second levels during the 
third period, respectively, and 
the movable section being moved in the first direc- 
tion in accordance with the application of the first, 
second, third and fourth DC voltage signals. 

[001 8] According to a fifth aspect of the present inven- 
tion, there is provided an electrostatic actuator, compris- 
ing: 



10 



a first stator section including first, second and third 
electrode arrays each including first and second 
electrodes and arranged substantially in parallel 
and at a predetemnined pitch in a first direction; 
a second stator section arranged to face the first 
stator section and to define a space between the 
first and second stator sections, and including a 
fourth electrode array including fourth and fifth elec- 
trodes; 

a movable section arranged in the space and in- 
cluding a first electrode section facing the first, sec- 
ond and third electrode arrays and a second elec- 
trode section facing the fourth and fifth electrode ar- 
rays, the first and second electrode sections being 
maintained at a predetermined floating potential; 
and 

a driving circuit configured to apply DC voltage sig- 
nals to the first, second, third and fourth electrode 
arrays, alternatively, the DC voltage signal having 
a first level higher than the predetermined floating 
potential and a second level lower than the prede- 
termined floating potential, 

the first DC voltage signal being applied to the first 
electrodes of the first, second and third electrode 
arrays to attract the first electrode section of the 
movable section during a first period, the first elec- 
trodes of the first and third electrode arrays being 
maintained at one of the first and second levels dur- 
ing the first period and the first electrode of the sec- 
ond electrode array being maintained at the other 
of the first and second levels during the first period, 
the second DC voltage signal being applied to the 
third and fourth electrodes of the fourth electrode 
array to attract the second electrode section of the 
movable section during a second period, 
the third DC voltage signal being applied to the sec- 
ond electrodes of the first, second and third elec- 
trode arrays to attract the first electrode section of 



the movable section during a third period, the sec- 
ond electrodes of the first and third electrode arrays 
being maintained at one of the first and second lev- 
els during the third period, the second electrodes of 
the second electrode array being maintained at the 
other of the first and second levels during the third 
period, and the movable section being moved In the 
first direction in accordance with the application of 
the first, second and third DC voltage signals. 

[0019] According to a sixth aspect of the present in- 
vention, there is provided a camera module for photo- 
graphing a picture image, comprising: 



15 an electrostatic actuator, including: 

a first stator section including a first electrode 
array including first, second and third elec- 
trodes arranged at a predetermined pitch in a 

20 first direction; 

a second stator section arranged to face the 
first stator section and to define a space be- 
tween the first and second stator sections: and 
including a second electrode array including 

25 fourth and fifth electrodes extending in the first 

direction; 

a movable section arranged In the space and 
including a first electrode section facing the first 
electrode array and a second electrode section 

30 facing the second electrode array, the first and 

second electrode sections being maintained at 
a predetermined floating potential: and 
a driving circuit configured to apply DC voltage 
signals to the first and second electrode arrays, 

35 alternatively, the DC voltage signal having a 

first level higher than the predetermined float- 
ing potential and a second level lower than the 
predetermined floating potential, 
the first DC voltage signal being applied to the 

40 adjacent first and second electrodes of the first 

electrode array to attract the first electrode sec- 
tion of the movable section during a first period, 
the first and second electrodes of the first elec- 
trode array being maintained at the first and 

45 second levels during the first period, respec- 

tively, 

the second DC voltage signal being applied to 
the fourth and fifth electrodes of the second 
electrode array to attract the second electrode 
50 section of the movable section during a second 

period, the fourth and fifth electrodes of the sec- 
ond electrode array being maintained at the first 
and second levels during the second period, re- 
spectively, 

55 the third DC voltage signal being applied to the 

adjacent second and third electrodes of the first 
electrode array to attract the first electrode sec- 
tion of the movable section during a third peri- 
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od. the second and third electrodes of the first 
electrode array being maintained at the first and 
second levels during the third period, respec- 
tively, 

the fourth DC voltage signal being applied to 
the fourth and fifth electrodes of the second 
electrode array to attract the second electrode 
section of the movable section during a fourth 
period, the fourth electrode of the second elec- 
trode array being maintained at one of the first 
and second levels during the fourth period, and 
the fifth electrode of the second electrode array 
being maintained at the other of first and sec- 
ond levels during the fourth period, and 
the movable section being moved in the first di- 
rection in accordance with the application of the 
first, second, third and fourth DC voltage sig- 
nals; 

a lens mounted in the movable section and 
movable with the movable section, configured 
to transfer the picture Image; and 
an image pick-up element configured to receive 
the transferred picture image to generate a im- 
age signal. 

[0020] According to a seventh aspect of the present 
invention, there is provided a camera module for photo- 
graphing a picture image, comprising: 

an electrostatic actuator, including: 

a first stator section including a first electrode 
array including first, second and third elec- 
trodes arranged at a predetennined pitch in a 
first direction; 

a second stator section arranged to face the 
first stator section and to define a space be- 
tween the first and second stator sections, and 
including a second electrode array including 
fourth, fifth and sixth electrodes arranged at the 
predetennined pitch in the first direction; 
a movable section arranged in the space and 
including a first electrode section facing the first 
electrode array and a second electrode section 
facing the second electrode array, the first and 
second electrode sections being maintained at 
a predetermined floating potential; and 
a driving circuit configured to apply DC voltage 
signals to the first and second electrode an-ays, 
alternatively, the DC voltage signal having a 
first level higher than the predetermined float- 
ing potential and a second level lower than the 
predetennined floating potential, 
the first DC voltage signal being applied to the 
adjacent first and second electrodes of the first 
electrode array to attract the first electrode sec- 
tion of the movable section during a first period, 
the first and second electrodes of the first e\ec- 
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40 
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55 



trode array being maintained at the first and 
second levels during the first period, respec- 
tively, 

the second DC voltage signal being applied to 
the adjacent fourth and fifth electrodes of the 
second electrode array to attract the second 
electrode section of the movable section during 
a second period, the fourth and fifth electrodes 
of the second electrode array being maintained 
at the first and second levels during the second 
period, respectively, 

the third DC voltage signal being applied to the 
adjacent second and third electrodes of the first 
electrode array to attract the first electrode sec- 
tion of the movable section during a third peri- 
od, the second and third electrodes of the first 
electrode array being maintained at the first and 
second levels during the third period, respec- 
tively, 

the fourth DC voltage signal being applied to 
the adjacent fifth and sixth electrodes of the 
second electrode array to attract the second 
electrode section of the movable section during 
a fourth period, the fifth and sixth electrodes of 
the second electrode array being maintained at 
the first and second levels during the fourth pe- 
riod, respectively, and 

the movable section being moved in the first di- 
rection in accordance with the application of the 
first, second, third and fourth DC voltage sig- 
nals; 

a lens mounted In the movable section and 
movable with the movable section, configured 
to transfer the picture image; and 
an image pick-up element configured to receive 
the transferred picture image to generate a im- 
age signal. 

[0021] According to a eighth aspect of the present in- 
vention, there is provided a camera module for photo- 
graphing a picture image, comprising: 

an electrostatic actuator. Including: 

CI IIIOL OLQLUI OCC>ll(.yil Ili^lUUIII^ mot. C4I«WI OOOVI 

electrode arrays each including first and sec- 
ond electrodes and arranged substantially in 
parallel and at a predetermined pitch in a first 
direction; 

a second stator section arranged to face the 
first stator section and to define a space be- 
tween the first and second stator sections, and 
including third and fourth electrode arrays each 
including third and fourth electrodes and ar- 
ranged substantially in parallel and at a prede- 
termined pitch in the first direction, the third and 
fourth electrode array being arranged at the 
same pitch as that of the first and second elec- 
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trode arrays in the first direction and the ar- 
rangement of the third and fourth electrode ar- 
rays being deviated by the half of the predeter- 
mined pitch from the an^angement of the first 
and second electrode arrays; 
a movable section arranged in the space and 
including a first electrode section facing the first 
and second electrode arrays and a second 
electrode section facing the third and fourth 
electrode arrays, the first and second electrode 
sections being maintained at a predetennined 
floating potential; and 

a driving circuit configured to apply DC voltage 
signals to the first, second, third and fourth 
electrode arrays, alternatively, the DC voltage 
signal having a first level higher than the pre- 
determined floating potential and a second lev- 
el lower than the predetemnlned floating poten- 
tial, 

the first DC voltage being applied to the first 
electrodes of the first and second electrode ar- 
rays to attract the first electrode section of the 
movable section during a first period, the first 
electrodes of the first and second electrode ar- 
rays being maintained at the first and second 
levels during the first period, respectively, 
the second DC voltage being applied to the 
third electrodes of the third and fourth electrode 
arrays to attract the second electrode section 
of the movable section during a second period, 
the third electrodes of the third and fourth elec- 
trode arrays being maintained at the first and 
second levels during the second period, re- 
spectively, 

the third DC voltage being applied to the sec- 
ond electrodes of the first and second electrode 
arrays to attract the first electrode section of the 
movable section during a third period, the sec- 
ond electrodes of the first and second electrode 
arrays being maintained at the first and second 
levels during the third period, respectively, 
the fourth DC voltage being applied to the fourth 
electrodes of the third and fourth electrode ar- 
rays to attract the second electrode section of 
the movable section during a fourth period, the 
fourth electrodes of the third and fourth elec- 
trode arrays being maintained at the third and 
fourth levels during the fourth period, respec- 
tively, and 

the movable section being moved in the first di- 
rection in accordance with the application of the 
first, second, third and fourth DC voltage sig- 
nals; 

a lens mounted in the movable section and 
movable with the movable section, configured 
to transfer the picture image; and 
an image pick-up element configured to receive 
the transferred picture image to generate a im- 



age signal. 



[0022] According to a ninth aspect of the present in- 
vention, there is provided a camera module for photo- 
5 graphing a picture image, comprising: 

an electrostatic actuator, Including: 
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a first stator section including first, second and 
third electrode arrays each including first and 
second electrodes and arranged substantially 
in parallel and at a predetermined pitch in a first 
direction; 

a second stator section arranged to face the 
first stator section and to define a space be- 
tween the first and second stator sections, and 
including a fourth electrode array including 
fourth and fifth electrodes; 
a movable section arranged in the space and 
including a first electrode section facing the 
first, second and third electrode arrays and a 
second electrode section facing thefourth elec- 
trode array, the first and second electrode sec- 
tions being maintained at a predetermined 
floating potential; and 

a driving circuit configured to apply DC voltage 
signals to the first, second, third and fourth 
electrode arrays, alternatively, the DC voltage 
signal having a first level higher than the pre- 
determined floating potential and a second lev- 
el lower than the predetemnlned floating poten- 
tial, 

the first DC voltage signal being applied to the 
first and second electrodes of the first, second 
and third electrode an-ays to attract the first 
electrode section of the movable section during 
a first period, the first and second electrodes of 
the first and third electrode arrays being main- 
tained at one of the first and second levels dur- 
ing the first period and the first and second elec- 
trodes of the second electrode array being 
maintained at the other of the first and second 
levels during the first period, 
the second DC voltage signal being applied to 
the third and fourth electrodes of the fourth 
electrode array to attract the second electrode 
section of the movable section during a second 
period, 

the third DC voltage signal being applied to the 
second and third electrodes of the first, second 
and third electrode arrays to attract the first 
electrode section of the movable section during 
a third period, the second and third electrodes 
of the first and third electrode an-ays being 
maintained at one of the first and second levels 
during the third period, the second electrodes 
of the second electrode array being maintained 
at the other of the first and second levels during 



13 



EP 1 202 099 A2 



14 



the third period, and the movable section being 
moved In the first direction in accordance with 
the application of the first, second and third DC 
voltage signals; 

a lens mounted in the movable section and 
movable with the movable section, configured 
to transfer the picture image; and 
an image picl<-up element configured to receive 
the transferred picture image to generate a im- 
age signal. 

[0023] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0024] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, In which: 

FIGS, 1A and IB are cross sectional views sche- 
matically showing the construction of the electro- 
static actuator according to a first embodiment of 
the present invention in a longitudinal direction of 
the electrostatic actuator and in a direction perpen- 
dicular to the longitudinal direction, respectively; 
FIG. 2 schematically shows the constructions of the 
first electrode array and the second electrode array 
on the first stator section and the second stator sec- 
tion shown in FIGS. 1 A and 1 B, respectively, as well 
as the construction of the driving circuit; 
FIGS. 3A to 3F are timing charts for describing the 
operation of the electrostatic actuator shown in 
FIGS. 1A and IB; 

FIG. 4 schematically shows how the first step is per- 
formed for operating the electrostatic actuator 
shown in FIGS. 1 A and IB; 

FIG. 5 schematically shows how the second step is 
perfomied for operating the electrostatic actuator 
shown in FIGS. 1 A and 1 B; 

FIG. 6 schematically shows how the third step is 
perfomned for operating the electrostatic actuator 
shown in FIGS. 1A and IB; 

FIG. 7 schematically shows how the fourth step is 
perfonned for operating the electrostatic actuator 
shown in FIGS. 1A and 1B; 
FIG. 8 Is a cross sectional view schematically show- 
ing the construction of the eleclroslalic actuator ac- 
cording to a second embodiment of the present in- 
vention in a longitudinal direction of the electrostatic 
actuator; 

FIG. 9 schematically shows the constructions of the 
first electrode array and the second electrode array 
on the first stator section and the second stator sec- 
tion shown in FIG. 8, respectively, as well as the 
construction of the driving circuit; 
FIGS. 10A to 10H are timing charts for describing 
the operation of the electrostatic actuator shown in 
FIG. 8; 
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FIG. 11 schematically shows how the first step is 
performed for operating the electrostatic actuator 
shown in FIG. 8; 

FIG. 12 is a plan view schematically showing the 

5 construction of the electrode array on the first state r 
section in an electrostatic actuator according to a 
third embodiment of the present invention; 
FIGS. ISA to 13J are timing charts for describing 
the operation of the electrostatic actuator shown in 

10 FIG. 12; 

FIG. 14 Is a plan view schematically showing the 
construction of the first electrode array on the first 
stator section included in an electrostatic actuator 
according to a fourth embodiment of the present in- 

15 vention; 

FIG. 15 is a plan view schematically showing the 
construction of the first electrode array on the first 
stator section included in an electrostatic actuator 
according to a fifth embodiment of the present in- 

20 vention; 

FIG. 16A and 16B are a plan view schematically 
showing the construction of the first and second 
electrode arrays on the first and second stator sec- 
tions included in an electrostatic actuator according 

25 to a sixth embodiment of the present invention; 

FIGS. 17A to 17H are timing charts for describing 
the operation of the electrostatic actuator shown in 
FIG. 16; 

FIG. 18 is a plan view schematically showing the 
30 construction of the first electrode array on the first 
stator section included in an electrostatic actuator 
according to a seventh embodiment of the present 

invention; 

FIG. 19 is a plan view schematically showing the 
35 construction of the first electrode array on the first 
stator section Included in an electrostatic actuator 
according to a eighth embodiment of the present in- 
vention; 

FIG. 20 is a plan view schematically showing the 
40 construction of the first electrode array on the first 
stator section included in an electrostatic actuator 
according to an ninth embodiment of the present in- 
vention; and 

FIG. 21 is a plan view showing a small electronic 

of the present Invention, which is a modification of 
the electrostatic actuator of the present invention. 

[0025] Some embodiments of the present invention 
so will now be described with reference to the accompany- 
ing drawings. 

(First Embodiment) 

55 [0026] FIGS. 1A and IB collectively show the con- 
struction of an electrostatic actuator according to a first 
embodiment of the present invention; wherein FIG. 1 A 
is a cross sectional view showing the electrostatic actu- 
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ator in the longitudinal direction (X-dlrection). and FIG. 
1 B is a cross section showing the electrostatic actuator 
in a direction (Y-direction) perpendicular to the longitu- 
dinal direction. FIG. 2 shows the planar shapes of the 
electrode arrays on the first stater section and the sec- 
ond stator section as welt as the inner structure of the 
driving circuit. The electrostatic actuator comprises a 
first stator section 1 and a second stator section 2 ar- 
ranged to face each other, a movable section 3 arranged 
in a space between the first stator section 1 and the sec- 
ond stator section 2 and movable in the Y-direction, and 
a driving circuit 4. 

[0027] The first stator section 1 includes an insulating 
substrate 11, a first electrode array 12 formed on the 
substrate 11 , and a dielectric film 13 fomned to cover the 
first electrode array 12. As shown in FIG. 2, theflrst elec- 
trode array 12 Includes a large number of strip-like elec- 
trodes arranged at a predetermined pitch P in the longi- 
tudinal direction of the substrate 11 , i.e., the first direc- 
tion or the X-direction. In the first electrode array 12. the 
electrode groups each consisting of the first, second, 
third and fourth electrodes are arranged in the electrode 
arranging direction (X-direction) at the same period and 
at the same interval. For the sake of the brevity, the first, 
second, third and fourth electrodes are called the elec- 
trodes 12 A, 12B, 12C and 12D, and the capital letters 
A, B. C, D are put in the drawing to the wirings to these 
first to fourth electrodes, respectively, so as to clarify the 
connecting relationship. 

[0028] As apparent from FIG. 1 A, the first electrodes 
12A are commonly connected by a wiring 14A so as to 
be connected to the driving circuit 4. Similarly, the sec- 
ond electrodes 1 2B are commonly connected by the wir- 
ing 14B so as to be connected to the driving circuit 4, 
and the third electrodes 12C are commonly connected 
by the wiring 14C so as to be connected to the driving 
circuit 4. Further, the fourth electrodes 12D are com- 
monly connected by the wiring 1 4D so as to be connect- 
ed to the driving circuit 4. The wiring 1 4 is of a two layer 
structure having an insulating layer interposed between 
the upper and lower conductive layers. In other words, 
the wiring 14 is of a steric wiring structure constructed 
such that one end of each of the upper and lower con- 
ductive layers is connected to the driving circuit 4. 
[0029] The second stator section 2 includes an insu- 
lating substrate 21 . a second electrode array 22 formed 
on the insulating substrate 21 . and a dielectric film 23 
formed to cover the upper surface of the second elec- 
trode array 22. As shown in FIG. 2, the second electrode 
array 22 includes two band-like electrodes 22M and 22N 
formed to extend in the longitudinal direction of the sub- 
strate 21 (first direction or the X-direction) apart from 
each other in the second direction (Y-direction) perpen- 
dicular to the X-direction. These electrodes 22M and 
22N are connected to the driving circuit 4. 
[0030] As described above, the dielectric films 1 3 and 
23 are formed on the first stator section 1 and the second 
stator section 2, respectively. The dielectric film 13 



serves to insulate the electrodes of the first electrode 
array 12 from each other and to insulate the electrodes 
of the first electrode array 12 from a fifth electrode 33 
on the movable section 3. Similarly, the dielectric film 23 
5 serves to insulate the electrodes of the second electrode 
array 22 from each other and to insulate each electrode 
of the second electrode array 22 from a sixth electrode 
34 on the movable section 3. 

[0031] In general, where a dielectric film is formed to 

10 cover the electrodes included in the electrostatic actua- 
tor, the moving operation of the movable section is ren- 
dered unstable under the influence of the dielectric po- 
larization of the dielectric film. In the electrostatic actu- 
ator according to the first embodiment of the present in- 

15 vention, however, the voltage application pattern to the 
electrodes is improved so as to overcome the problem 
pointed out above as described in detail herein later 
[0032] The movable section 3 is formed of a hollow 
parallelepiped insulating substrate 31. The insulating 

20 substrate 31 includes a convex portion 32 on the side 
facing the first electrode array 1 2 on the first stator sec- 
tion 1 . The fifth electrode 33 is mounted to the surface 
of the convex portion 32 facing the first electrode array 
1 2, and the sixth electrode 34 is mounted to the surface 

25 of the convex portion 32 facing the second electrode ar- 
ray 22 on the second stator section 2, The movable sec- 
tion 3 is arranged movable in the right-left direction (X- 
direction) in the moving space between the first stator 
section 1 and the second stator section 2. As shown in 

30 FIG, 1 A, the size of the electrode surface (width L) of 
the convex portion 32 in the moving direction (X-direc- 
tion) of the movable section 3 is set at about 1 .5 to 2.0 
times as much as the size (width Wa) of each of the elec- 
trodes 1 2A. 1 2B. 1 2C and 1 2D in the X-direction. On the 

35 other hand, the fifth electrode 33 and the sixth electrode 
34 are not connected to the driving circuit 4 and are in 
an electrically floating state so as to fomi so-called 
'lloating electrodes'. 

[0033] As shown in FIG. 2, the driving circuit 4 in- 

40 eludes two DC voltage sources 41. 42, two switching 
circuits 43, 44 serving to switch the DC voltage signals 
generated from the DC voltage sources 41 , 42 so as to 
generate rectangular wave fomi voltage signals, and a 
switch control circuit 45 serving to control the outputs of 

45 the rectangular Vv'ave form voltage signals generated 
from the switching circuits 43, 44. The switching circuit 
43 serving to connect the first electrode array 12 to the 
DC voltage source 41 via the wiring 1 4 includes an input 
terminal and an output terminal. The output generated 

50 from the output terminal is controlled by a control signal 
generated from the switch control circuit 45 and supplied 
to the input temninal. Likewise, the switching circuit 44 
serving to connect the second electrode array 22 to the 
DC voltage source 42 includes an input terminal and an 

55 output teminal. The output generated from the output 
temninal is controlled by a control signal generated from 
the switch control circuit and supplied to the input termi- 
nal. The switch control circuit 45 is constructed to control 
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the switching circuits 43, 44 in accordance with a drive 
instruction signal S1 and a direction instruction signal 
S2 generated fronn, for exannple, a host computer (not 
shown). 

[0034] The operation of the electrostatic actuator ac- 
cording to the first embodinnent of the present invention 
will now be described with reference to the time charts 
shown in FIGS. 3A to 3F and to the operating states 
shown in FIGS. 4 to 7. FIGS. 3A to 3F show the wave 
forms of the voltages appliedtothe electrodes 1 2A, 12B, 
12C, 12D, 22M and 22N, and FIGS, 4 to 7 show how 
the movable section 3 is moved. 
[0035] In starting the operation, the drive instruction 
signal S1 is supplied to the switch control circuit 45 so 
as to render the driving circuit 4 active. At the same time, 
the direction instruction signal S2 is supplied to the 
switch control circuit 45 so as to determine whether the 
movable section 3 is moved to the right or to the left in 
FIG. 1A. The following description is on the basis that 
the movable section 3 is moved to the right unless oth- 
erwise pointed out specifically. 

[0036] In response to the drive instruction signal 81 
and the direction instruction signal 82, a positive voltage 
and a negative voltage are applied from the DC voltage 
source 41 to the electrode 12A and the electrode 12B, 
respectively, through the switching circuit 43 for a pre- 
determined period T1 , as shown in FIGS. 3A and SB. In 
this stage, the electrode 12A, the fifth electrode 33 and 
the electrode 12B collectively fomri a series circuit in- 
cluding two capacitors, and a line El of electric force 
runs through the electrode 12A, the fifth electrode 33 
and the electrode 12B. It should be noted that the line 
E1 of electric force tends to shrink as much as possible. 
As a result, an electrostatic attractive force is generated 
between the electrodes 12A. 12B and the fifth electrode 
33 so as to cause the movable section 3 to be moved 
toward the first stator section 1 . 
[0037] In the next step, positive and negative voltages 
are applied from the DC voltage source 42 to the elec- 
trode 22M and 22N, respectively, through the switching 
circuit 44 for a predetermined period T2, as shown in 
FIGS. 3E and 3F. In this stage, the circuit formed of the 
electrode 22M, the sixth electrode 34 and the electrode 
22N corresponds to an equivalent series circuit includ- 
ing two capacitors so as to generate a iine E2 of electric 
force running through the electrode 22M, the sixth elec- 
trode 34 and the electrode 22N. as shown in FIG. 5. The 
line E2 of electric force thus generate also tends to 
shrink and, thus, an electrostatic attractive force is gen- 
erated between the electrode 22M, 22N and the sixth 
electrode 34. It follows that the movable section 3 is 
moved toward the second stator section 2. 
[0038] Further, a positive voltage and a negative volt- 
age are applied to the electrode 12B and the electrode 
1 2C, respectively, during a period T3 as shown in FIGS. 
38 and 3C. As a result, line E3 of electric force is gen- 
erated to run through the electrode 128, the fifth elec- 
trode 33 and the electrode 12C, and an electrostatic at- 



tractive force is generated between the electrodes 12B, 
1 2C and the f ifth electrode 33. It follows that the movable 
section 3 is moved toward the first stator section 1. It 
should be noted that the electrodes 12B, 12C included 

5 in the first electrode array 1 2 and having voltages ap- 
plied thereto are deviated by one pitch (P) from the elec- 
trodes 1 2A, 1 2B to which the voltages were applied pre- 
viously during the period T1 . It follows that the movable 
section 3 is moved to the right by one pitch P when 

10 nioved toward the first stator section 2. 

[0039] In the next step, a positive voltage and a neg- 
ative voltage are applied to the electrode 22N and the 
electrode 22 M, respectively, during a period T4, as 
shown in FIGS. 3E and 3F. As a result, a line E4 of elec- 
ts trie force is generated to run through the electrode 22N, 
the sixth electrode 34 and the electrode 22M so as to 
generate an electrostatic attractive force between the 
electrodes 22M, 22N and the sixth electrode 34. It fol- 
lows that the movable section 3 is moved toward the 

20 second stator section. 

[0040] Likewise, a positive voltage and a negative 
voltage are applied to the electrode 12C and the elec- 
trode 12D, respectively, during a period T5, as shown in 
FIGS. 3C and 3D and, then, a positive voltage and a 

25 negative voltage are applied to the electrode 22M and 
the electrode 22N, respectively, during a period T6 like 
during the period T2, as shown in FIGS. 3E and 3F. 
Then, a positive voltage and a negative voltage are ap- 
plied to the electrode 12D and the electrode 12A, re- 

30 spectively, during a period T7, as shown in FIGS. 3D 
and 3A and, then, a positive voltage and a negative volt- 
age are applied to the electrode 22N and the electrode 
22M, respectively, during a period T8 like during the pe- 
riod T4, as shown in FIGS. 3E and 3F. The operations 

35 described above are successively performed so as to 
finish the operation of one period T consisting of the pe- 
riods T1 to T8 referred to above. 
[0041] By the operation described above, the mova- 
ble section 3 is successively moved macroscopically 

40 pitch by pitch in the arranging direction (X-direction) of 
the first electrode array 12 on the first stator section 1 , 
i.e., to the right in FIG. 1 A, while being vibrated micro- 
scopically between the first stator section 1 and the sec- 
ond stator section 2. 

45 [G042] Where the direction instruction signal 82 in- 
structing the movement of the movable section 3 to the 
right in FIG. 1A is supplied to the switch control circuit 
45, the DC voltage is applied successively between the 
electrodes 12D and 12A, between the electrodes 22M 

50 and 22N, between the electrodes 12C and 12C, be- 
tween the electrodes 22N and 22M, between the elec- 
trodes 12B and 12C, between the electrodes 22M and 
22N. between the electrodes 12A and 128, and be- 
tween the electrodes 22N and 22M from the period T8 

55 toward the period T1 shown in FIGS. 3A to 3F. As a re- 
sult, the movable section 3 is successively moved mac- 
roscopically to the left in FIG. 1A while being vibrated 
between the first stator section 1 and the second stator 
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section 2. 

[0043] In the electrostatic actuator of the first embod- 
iment described above, the movable section 3 is alter- 
nately attracted by utilizing the electrostatic force gen- 
erated by applying the DC voltage between the adjacent 
electrodes in any of the first electrode array 12 on the 
first stator section 1 and the second electrode array on 
the second stator section 2. In other words, the movable 
section 3 is alternately attracted by the shrinking func- 
tion of the lines of electric force running through the fifth 
electrode 33 and the sixth electrode 34 on the movable 
section 3. Where the particular attracting function is uti- 
lized for attracting the movable section 3, it suffices for 
the fifth electrode 33 and the sixth electrode 34 on the 
movable section 3 to be floating electrodes. In other 
words, it is unnecessary to use a wiring for connecting 
these third and fourth electrodes 33 and 34 to the driving 
circuit 34. It follows that the particular construction is ad- 
vantageous for the improvement in the mass production 
capability and the miniaturization of the electrostatic ac- 
tuator. In addition, it Is possible to solve the problem in 
respect of the reliability derived from the stress applica- 
tion caused by the movement of the movable section 3. 
[0044] Further, if attentions are paid to a single elec- 
trode in the first embodiment of the present invention, 
the polarity of the applied DC voltage is alternately re- 
versed. For example, a positive voltage is applied to the 
electrode 12A in the period T1 and, then, a negative volt- 
age is applied to the electrode 12A in the next period 
T3. This is also the case with each of the electrodes 12B, 
12C, 12D, 22M and 22N. By the particular voltage ap- 
plication, the charging caused by the dielectric polariza- 
tion of the dielectric films 13, 23 formed as a measure 
against the insulation breakdown is canceled by the ap- 
plication of the voltage of the opposite polarity. As a re- 
sult, it is possible to prevent the moving operation of the 
movable section 3 from being rendered unstable by the 
dielectric polarization. 

[0045] In the first embodiment of the present Inven- 
tion, the sixth electrode 34 on the movable section 3 is 
formed on the flat surface of the insulating substrate 31 . 
As a modification of the first embodiment, it is also pos- 
sible to form a convex portion on the bottom surface of 
the insulating substrate 31 In a manner to correspond 
to the electrodes 22M and 22N constituting the second 
electrode array 22 on the second stator section 2 and 
to form the sixth electrode 34 on the convex portion. It 
is also possible the entire movable section 3 to be 
formed of a conductive material such that the portion of 
the movable section 3 facing the electrodes 12A, 12B, 
1 2C and 1 2D of the first electrode array 1 2 is allowed to 
perfonn the function of the fifth electrode 33, and that 
the portion of the movable section 3 facing the elec- 
trodes 22M and 22N of the second electrode an-ay 22 
is allowed to perform the function of the sixth electrode 
34. This is also the case with any of the other embodi- 
ments described in the following. 



(Second Embodiment) 

[0046] FIGS. 8 is a cross sectional view showing the 
electrostatic actuator according to a first embodiment of 

5 the present invention in the longitudinal direction (X-di- 
rection), and FIG. 9 shows the planar shapes of the elec- 
trode arrays on the first stator section and the second 
stator section as well as the inner structure of the driving 
circuit. The electrostatic actuator as shown in FIGS. 1 A, 

10 IB and 2 is so called as one-side propagation type in 
which only the first stator section 1 applies a propagation 
force to the movable section 3. In contrast, the electro- 
static actuator as shown in FIGS. B and 9 is so called 
as both-side propagation type in which both of the first 

15 and second stator sections 1 , 2 apply the propagation 
force to the movable section 3. 

[0047] The electrostatic actuator shown In FIGS. 8 
and 9 comprises a first stator section 1 having a same 
configuration as that shown in FIG. 2, and a second sta- 

20 tor section 2 arranged to face the first stator section, 
which includes a large number of strip-like electrodes 
arranged at a predetemnined pitch P in the longitudinal 
direction of the substrate 11 , I.e., the first direction or the 
X-direction. In the second stator section 2, an array of 

25 electrodes 22 is arranged with a same phase as that of 
the first stator section 1 and has an arrangement of the 
electrode deviation by P/2 pitch in respect to that of the 
first stator section 1 . In the second stator section 2. first 
electrodes 22E are commonly connected by a wiring 

30 24E so as to be connected to the driving circuit 4. Sim- 
ilarly, second electrodes 22F are commonly connected 
by the wiring 24F so as to be connected to the driving 
circuit 4. and third electrodes 22G are commonly con- 
nected by the wiring 24G so as to be connected to the 

35 driving circuit 4. Further, fourth electrodes 22H are com- 
monly connected by the wiring 24H so as to be connect- 
ed to the driving circuit 4. The wiring 24 is of a two layer 
structure having an insulating layer interposed between 
the upper and lower conductive layers. In other words, 

40 the wiring 24 Is of a steric wiring structure constructed 
such that one end of each of the upper and lower con- 
ductive layers is connected to the driving circuit 4. 
[0048] A movable section 3 is fomied of a hollow par- 
allelepiped Insulating substrate 31 , as shown In FIG. 8. 

45 The insulating substrate 31 includes a convex portion 
32 on the side facing the first electrode array 12 on the 
first stator section 1 . The fifth electrode 33 is mounted 
to the surface of the convex portion 32 facing the first 
electrode array 12, and the sixth electrode 34 is mount- 
so ed to the surface of the convex portion 32 facing the 
second electrode array 22 on the second stator section 
2. The movable section 3 is arranged movable in the 
right-left direction (X-direction) in the moving space be- 
tween the first stator section 1 and the second stator 
55 section 2. On the other hand, the fifth electrode 33 and 
the sixth electrode 34 are not connected to the driving 
circuit 4 and are in an electrically floating state so as to 
forni so-called "floating electrodes". 
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[0049] As shown in FIG. 9, the driving circuit 4 in- 
eludes two DC voltage sources 41, 42, two switching 
circuits 43, 44 serving to switch the DC voltage signals 
generated from the DC voltage sources 41 , 42 so as to 
generate rectangular wave form voltage signals, and a 
switch control circuit 45 serving to control the outputs of 
the rectangular wave fomi voltage signals generated 
from the switching circuits 43, 44. The switching circuit 
43 serving to connect the first electrode array 12 to the 
DC voltage source 41 via the wiring 1 4 includes an input 
terminal and an output terminal. The output generated 
from the output tenninal is controlled by a control signal 
generated from the switch control circuit 45 and supplied 
to the input terminal. Likewise, the switching circuit 44 
serving to connect the second electrode array 22 to the 
DC voltage source 42 includes an Input temninal and an 
output terminal. The output generated from the output 
terminal is controlled by a control signal generated from 
the switch control circuit and supplied to the input termi- 
nal. The switch control circuit 45 is constructed to control 
the switching circuits 43, 44 in accordance with a drive 
instruction signal SI and a direction instruction signal 
S2 generated from, for example^ a host computer (not 
shown). 

[0050] The operation of the electrostatic actuator ac- 
cording to the second embodiment of the present Inven- 
tion will now be described with reference to the time 
charts shown in FIGS. 1 0A to 1 0H and to the operating 
states shown in FIG. 11. FIGS. IDA to 10H show the 
wave forms of the voltages applied to the electrodes 
12A. 12B. 12C. 12D, 22E, 22F, 22G and 22H, and FIG. 
11 show how the movable section 3 is moved. 
[0051] In starting the operation, the drive instruction 
signal SI is supplied to the switch control circuit 45 so 
as to render the driving circuit 4 active. At the same time, 
the direction instruction signal S2 is supplied to the 
switch control circuit 45 so as to determine whether the 
movable section 3 is moved to the right or to the right in 
FIG. 8. The following description is on the basis that the 
movable section 3 Is moved to the right unless otherwise 
pointed out specifically. 

[0052] In response to the drive instruction signal 81 
and the direction instruction signal S2, a positive voltage 
and a negative voltage are applied from the DC voltage 
source 41 to the electrode 12A and the electrode 12S. 
respectively, through the switching circuit 43 for a pre- 
determined period T1 , as shown in FIGS. 1 1 A and 1 1 B. 
In this stage, the electrode 12A, the electrode 33 and 
the electrode 128 collectively fonn a series circuit In- 
cluding two capacitors, and lines El of electric force run 
through the electrode 12A, the electrode 33 and the 
electrode 12B. It should be noted that the lines El of 
electric force tends to shrink as much as possible. As a 
result, an electrostatic attractive force Is generated be- 
tween the electrodes 12A, 12B and the electrode 33 so 
as to cause the movable section 3 to be moved toward 
the first stator section 1 . 

[0053] I n the next step, positive and negative voltages 



are applied from the DC voltage source 42 to the elec- 
trode 22G and 22H, respectively, through the switching 
circuit 44 for a predetermined period T2, as shown in 
FIGS. 10G and 10H. In this stage, the circuit formed of 

5 the electrode 22G, the electrode 34 and the electrode 
22H corresponds to an equivalent series circuit includ- 
ing two capacitors so as to generate lines E2 of electric 
force running through the electrode 22G, the electrode 
34 and the electrode 22H. The lines E2 of electric force 

10 thus generate also tends to shrink and, thus, an electro- 
static attractive force is generated between the elec- 
trode 22G. 22H and the electrode 34. It follows that the 
movable section 3 is moved toward the second stator 
section 2. The electrodes 22G, 22H of the first electrode 

15 array 22, to which positive and negative voltages are 
applied, are deviated by P/2 pitch from the electrodes 
1 2A and 1 2B of th e first electrode array 1 2 to which volt- 
ages have been applied during the period T1 . Thus, the 
movable section 3 is moved by P/2 pilch in the right di- 
20 rection at the time of moving the movable section 2 from 
the first stator section 1 2 toward the second stator sec- 
tion 22. 

[0054] Further, a positive voltage and a negative volt- 
age are applied to the electrode 12B and the electrode 
25 1 2C, respectively, during a period T3 as shown In FIGS . 
10B and IOC. As a result, lines E3 of electric force are 
generated to run through the electrode 12B, the elec- 
trode 33 and the electrode 12C, and an electrostatic at- 
tractive force is generated between the electrodes 128, 
30 12C and the electrode 33. It follows that the movable 
section 3 is moved toward the first stator section 1 . It 
should be noted that the electrodes 128, 12C included 
in the first electrode array 12 and having voltages ap- 
plied thereto are deviated by one pitch (P) from the elec- 
ts trodes 1 2A, 1 2B to which the voltages were applied pre- 
viously during the period T1 . It follows that the movable 
section 3 is moved to the right when moved toward the 
first stator section 2. 

[0055] In the next step, a positive voltage and a neg- 
"^0 atlve voltage are applied to the electrode 22E and the 
electrode 22H, respectively, during a period T4, as 
shown in FIGS. ICE and 10H. As a result, lines E4 of 
electric force are generated to run through the electrode 
22E, the electrode 34 and the electrode 22H so as to 
^5 generate an electrostatic attractive force between the 
electrodes 22E, 22H and the electrode 34. It follows that 
the movable section 3 is moved toward the second sta- 
tor section 22. 

[0056] Likewise, a positive voltage and a negative 
50 voltage are applied to the electrode 12C and the elec- 
trode 12D, respectively, during a period T5, as shown in 
FIGS. IOC and 10D and, then, a positive voltage and a 
negative voltage are applied to the electrode 22E and 
the electrode 22 F, respectively, during a period T6 like 
55 during the period T2, as shown in FIGS. 10E and 10F. 
Then, a positive voltage and a negative voltage are ap- 
plied to the electrode 12D and the electrode 12 A, re- 
spectively, during a period T7, as shown in FIGS. 10D 
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and 10A and, then, a positive voltage and a negative 
voltage are applied to the electrode 22F and the elec- 
trode 22G. respectively, during a period T8 like during 
the period T4, as shown in FIGS, 1 0F and 1 0G. The op- 
erations described above are successively perfonned 
so as to finish the operation of one period T consisting 
of the periods T1 to T8 referred to above. 
[0057] By the operation described above, the mova- 
ble section 3 is successively moved macroscopically 
pitch by pitch In the arranging direction (X-direction) of 
the first electrode array 12 on the first stator section 1, 
i.e., to the right in FIG. 8, while being vibrated micro- 
scopically between the first stator section 1 and the sec- 
ond stator section 2. 

[0058] Where the direction instruction signal S2 in- 
structing the movement of the movable section 3 to the 
left In FIG. 8 is supplied to the switch control circuit 45, 
the DC voltage is applied successively between the 
electrodes 12D and 12A, between the electrodes 22F 
and 22G, between the electrodes 12C and 12D, be- 
tween the electrodes 22E and 22F, between the elec- 
trodes 12B and 12C, between the electrodes 22M and 
22N, between the electrodes 12A and 12B, and be- 
tween the electrodes 22H and 22E from the period T8 
toward the period T1 shown in FIGS. 10Ato 10H. As a 
result, the movable section 3 is successively moved 
macroscopically to the left in FIG. 8 while being vibrated 
between the first stator section 1 and the second stator 
section 2. 

(Third Embodiment) 

[0059] In the first embodiment described above, the 
electrodes forming the first electrode array 1 2 on the first 
stator section 1 are aligned to fonn a single row In the 
moving direction (first direction or X-directlon) of the 
movable section 3, and the DC voltage Is applied be- 
tween the adjacent electrodes in the X-direction of the 
first electrode an-ay 12. In the third embodiment of the 
present invention, however, a first electrode group 12-1 
and a second electrode group 12-2 are arranged side 
by side so as to form the first electrode array 12, as 
shown in FIG. 12. In each of the first and second elec- 
trode groups 12-1 and 12-2, a plurality of electrodes are 
arranged in the first direction (X-direction). Also, the first 
and second electrode groups 12-1 and 12-2 are ar- 
ranged a predetermined distance apart from each other 
in the second direction (Y-direction) perpendicular to the 
first direction (X-directlon). In the third embodiment of 
the present Invention, a DC voltage is applied between 
the electrodes included in the first and second electrode 
groups 12-1 and 12-2, i.e., between the electrodes ad- 
jacent to each other in the Y-direction. In short, the third 
embodiment cleariy differs from the first embodiment in 
the an^angement of the electrodes on the stator section 
and in the manner of the voltage application. 
[0060] FIG. 12 is a plan view showing the first elec- 
trode array 12 on the first stator section 1 included in 



the electrostatic actuator according to the third embod- 
iment of the present invention. As shown In the drawing, 
the first electrode array 12 includes the first electrode 
group 12-1 consisting of electrodes 12A+, 12B+, 12C+, 

5 12D+ and the second electrode group 12-2 consisting 
of electrodes 1 2A-, 1 2B-, 1 2C-, 1 2D-. On the other han d, 
the second electrode array 22 on the second stator sec- 
tion 2 consists of two band-like electrodes 22M and 22N 
arranged a predetemiined distance apart from each oth- 

10 er and extending In the longitudinal direction (X-direc- 
tion) of the substrate 21 as in the first embodiment 
shown in FIG. 2. Further, the fifth electrode 33 Is formed 
on the movable section 3 in two rows in a manner to 
correspond to the first and second electrode groups 

15 12-1 and 12-2 of the first electrode array 12. 

[0061] Incidentally, the symbols (+) and (-) put to the 
electrodes of the first electrode array 1 2 do not Imp ly the 
positive (+) and negative (-) potentials used in the elec- 
tric field. Specifically, these symbols (+) and (-) repre- 

20 sent the relationship that, if the potential of the electrode 
marked with the symbol (+) is positive, the potential of 
the electrode marked with the symbol (-) is negative, and 
that, if the potential of the electrode marked with the 
symbol (-i ) is negative, the potential of the electrode 

25 marked with the symbol (-) is positive. 

[0062] The electrodes 12A+, 12A-, the electrodes 
12B+, 12B-, the electrodes 12C+, 12C-, and the elec- 
trodes 12D+, 120- correspond to the electrodes 12A, 
1 2B, 1 2C and 1 2D, respectively, of the first embodiment. 

30 The electrodes 1 2A+ are commonly connected to a con- 
ductive pad P2. The electrodes 12B+ are commonly 
connectedto a conductive pad PI . The electrodes 12C+ 
are commonly connected to a conductive pad P3. Fur- 
ther, the electrodes 12D+ are commonly connected to 

35 a conductive pad P4. Likewise, the electrodes 12A-, 
12B-, 12C- and 12D- are commonly connected to con- 
ductive pads P7, P8, P6, and PS, respectively. These 
conductive pads PI , P2, P3, P4, P5, P6, P7 and P8 are 
connectedto the driving circuit 4, as in FIG. 2. The driv- 

40 ing circuit 4 comprises the DC voltage sources 41 , 42, 
the switching circuits 43, 44, and the switch control cir- 
cuit 45, as shown in FIG. 2. However, the driving circuit 
in the third embodiment differs from the driving circuit 4 
in the first embodiment shown in FIG. 2 in the switching 

45 circuit 43 connected between the DC voltage source 41 
and the first electrode an-ay 12. Specifically, In the third 
embodiment of the present invention, the switching cir- 
cuit 43 has 8 output terminals, not 4 output terminals. 
[0063] The operation of the electrostatic actuator ac- 

50 cording to the third embodiment of the present invention 
will now be described with reference to the time charts 
shown in FIGS. 9A to 9J. Specifically, FIGS. 9A to 9J 
show the wave forms of the voltages applied to the elec- 
trode 12A+, the electrode 12A-, the electrode 12B+, the 

55 electrode 12B-, the electrode 12C+, the electrode 12C-, 
the electrode 12D+, the electrode 12D-, the electrode 
22M and the electrode 22N. respectively. 
[0064] In the first step, a positive voltage is applied to 
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the electrode 12A+ as shown in FIG. 13A, a negative 
voltage is applied to the electrode 1 2A- as shown in FIG, 
1 3B, a positive voltage is applied to the electrode 1 2B+ 
as shown in FIG. 13C. and a negative voltage is applied 
to the electrode 12B- as shown in FIG. 13D. In this 
stage, each of the circuit fomned of the electrode 12A+, 
the fifth electrode 33 and the electrode 1 2A- and the cir- 
cuit formed of the electrode 12B+, the fifth electrode 33 
and the electrode 1 2B-f omns an equivalent series circuit 
including two capacitors. As a result, generated are lines 
of electric force running through the route consisting of 
the electrode 12A+, the fifth electrode 33, and the elec- 
trode 12A- and the route consisting of the electrode 
12B+, the fifth electrode 33 and the electrode 12B-. 
Since these lines of electric force tend to shrink as much 
as possible, an electrostatic attractive force is generated 
between the electrodes 1 2A4-, 12A-, 12B+, 12B- andthe 
fifth electrode 33, with the result that the movable sec- 
lion 3 is moved toward the first slalor section 1 . 
[0065] In the next step, a positive voltage is applied 
to the electrode M22 as shown in FIG. 131 and a nega- 
tive voltage is applied to the electrode N22 as shown in 
FIG. 13J. In this stage, the circuit formed of the electrode 
M22, the sixth electrode 34 and the electrode N22 cor- 
responds to a series equivalent circuit including two ca- 
pacitors and, thus, lines of electric force are formed to 
run through the electrode M22, the sixth electrode 34 
and the electrode N22. Since the lines of electric force 
thus formed tend to shrink as much as possible, an elec- 
trostatic attractive force is generated between the elec- 
trodes M22, N22 and the sixth electrode 34. with the re- 
sult that the movable section 3 Is moved toward the sec- 
ond stator section 2. 

[0066] In the next step, which is not absolutely nec- 
essary, the voltages of the polarity opposite to that of 
the voltages applied during the period T1 are applied 
during a period T3 such that a negative voltage is ap- 
plied to the electrode 1 2A+, a positive voltage is applied 
to the electrode 12A-, a negative voltage is applied to 
the electrode 12B+, and a positive voltage is applied to 
the electrode 12B-. Further, the voltages of the polarity 
opposite to that of the voltages applied during the period 
T2 are applied during a period T4 such that a negative 
voltage is applied to the electrode 22M, a positive volt- 
age is applied to the electrode 22N. Since the voltages 
of the polarity opposite to that of the voltages applied 
during the periods T1 and T2 are applied to the elec- 
trodes 12A+, 12A-, 12B+, 12B-,22M and 22N during the 
periods T3 and T4, the charge generated by the dielec- 
tric polarization of the dielectric films 13, 23 formed as 
a measure against the insulation breakdown is dis- 
charged, with the result that the moving operation of the 
movable section 3 is prevented from being rendered un- 
stable by the dielectric polarization. 
[0067] Then, a positive voltage is applied to the elec- 
trode 12B+ as shown in FIG. 138, a negative voltage is 
applied to the electrode 12B- as shown in FIG. 13D, a 
positive voltage is applied to the electrode 1CB+ as 



26 

shown in FIG. 13E and a negative voltage is applied to 
the electrode 12C- as shown in FIG. 13R In this stage, 
an electrostatic attractive force is generated between 
the electrodes 12B-f, 12B-, 12C-I-, 12c- and the third 

5 electrode 3e3, with the result that the movable section 
3 is moved toward the first stator section 2. It should be 
noted that the electrodes 12B4-. 1 2B-, 1 2C+. 1 2C- of the 
first electrode array 12 to which the voltage is applied 
are deviated by one pitch from the electrodes 12A+, 

10 1 2A-, 1 2B+, 12B- to which the voltage was applied pre- 
viously during the period T1 . It follows that the movable 
section 3 is moved to the right by one pitch when moved 
toward the first stator section 1 . Then, a positive voltage 
is applied to the electrode M22 and a negative voltage 

15 is applied to the electrode N22 during a period T6 as 
shown in FIGS. 91 and 9J. As a result, an electrostatic 
attractive force Is generated between the electrodes 
22M, 22N and the sixth electrode 34, with the result that 
the movable section 3 is moved toward the second sta- 

20 tor section 2. 

[0068] Further, the voltages of the polarity opposite to 
that of the voltages applied during the periods T5 and 
T6 are applied during a period T7 as during the periods 
T3 and T4 such that a negative voltage is applied to the 

25 electrode 1 2B+ as shown in FIG. 1 3C, a positive voltage 
is applied to the electrode 12B- as shown in FIG. 13D, 
a negative voltage is applied to the electrode 12C+ as 
shown in FIG. 13E, and a positive voltage is applied to 
the electrode 12C- as shown in FIG. 13F. Then, a neg- 

30 ative voltage is applied to the electrode M22 and a pos- 
itive voltage is applied to the electrode N22 during a pe- 
riod T8 as shown in FIGS. 91 and 9J so as to cancel the 
charge produced by the dielectric polarization of the di- 
electric films 1 3, 23. It follows that the moving operation 

35 of the movable section 3 is prevented from being ren- 
dered unstable by the dielectric polarization. 
[0069] Similarly, a first driving operation In which a DC 
voltage is applied to two sets of the electrodes 12A+, 
12B+, 12C+, 12D+ of the first electrode group 12-1 of 

40 the first electrode array 12 and the electrodes 12A-, 
12B-, 12C-, 12D- of the second electrode group 12-2 of 
the first electrode an^ay 12 and a second driving opera- 
tion in which a DC voltage is applied to the electrodes 
M22, N22 are alternately repeated. In addition, the po- 

45 sitions of the electrodes of the first electrode group 12-1 
are successively deviated by one pitch from the elec- 
trodes of the second electrode group 12-2 during peri- 
ods T9 to T12 such that the driving operation for one 
period T is finished by the periods T1 to T1 2. 

50 [0070] By the driving operation described above, the 
movable section 3 is macroscopically moved to the right 
while being vibrated microscopically between the first 
stator section 1 and the second stator section 2, as in 
the first embodiment. If the order of applying the DC volt- 

55 age to the electrodes is made opposite to that described 
above, the movable section 3 can be moved to the left 
in FIG. 12. 

[0071] The third embodiment described above pro- 
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duces the effects similar to those produced by the first 
embodiment described previously. In addition, the third 
embodiment produces an additional prominent effect. 
Specifically, in the first embodiment of the present in- 
vention, the lines El, E3. etc. of electric force running 
through the adjacent electrodes of the first electrode ar- 
ray 1 2 via the fifth electrode 33 contribute to the gener- 
ation of the electrostatic attractive force between the 
first stator section 1 and the movable section 3. It is de- 
sirable for the size (width Wa) of each of the electrodes 
constituting the first electrode array 12 along the lines 
E1, E3, etc. of electric force to be sufficiently larger than 
the distance between the first stator section 1 and the 
movable section 3. If the width Wa is smalL the lines E1 , 
E3, etc. of electric force is decreased, with the result that 
the lines of electric force running through the side sur- 
faces of the adjacent electrodes of the first electrode ar- 
ray 12 without running through the fifth electrode 33 is 
relatively increased. It should be noted that the lines of 
electric force that do not run through the fifth electrode 
33 do not contribute to the generation of the electrostatic 
attractive force between the first stator section 1 and the 
movable section 3. It follows that it is undesirable for the 
lines of electric force, which do not run through the fifth 
electrode 33, to be increased, because the driving force 
of the movable section 3 is decreased. If the arranging 
pitch of the electrodes of the first electrode array 12 is 
increased, it is possible to increase the width Wa of the 
electrode so as to overcome the difficulty pointed out 
above. If the electrode arranging pitch is Increased, 
however, the moving resolution of the movable section 
3 is decreased. In other words, the moving amount per 
step is increased. 

[0072] On the other hand, in the third embodiment of 
the present invention, the lines of electric force running 
through the electrodes 12A+, 12B+, 12C-»-, 12D+ of the 
first electrode group 1 2-1 of the first electrode an-ay 1 2 
and the electrodes 12 A- , 126-, 12C-, 1 2D- of the second 
electrode group 12-2 of the first electrode an-ay 12 via 
the fifth electrode 33 contribute to the generation of the 
electrostatic attractive force between the first stator sec- 
tion 1 and the movable section 3. In this case, it is de- 
sirable for the size (length Wb) of the electrodes 12A+, 
12B+, 12C+. 12D+. 12A-, 12B-. 12C-. 12D- along the 
lines of electric force to be sufficiently large, compared 
with the distance between the first stator section 1 and 
the movable section 3. It should be note that the length 
Wb can be increased easily regardless of the electrode 
arranging pitch P of the first electrode array 1 2. It follows 
that the lines of electric force running through the side 
surfaces of the adjacent electrodes of the first electrode 
array 12 without running through the fifth electrode 33 
are relatively decreased so as to increase the driving 
force of the movable section 3. 

(Fourth Embodiment) 

[0073] FIG. 14 is a plan view showing the first elec- 



trode array 1 2 of the first stator section 1 included in the 
electrostatic actuator according to a fourth embodiment 
of the present invention. As shown in the drawing, the 
first electrode array 12 includes a first electrode group 

5 12-1 consisting of the electrodes 12A+ and 12B+, asec- 
ond electrode group 12-2 consisting of the electrodes 
12A- and 12B-, a third electrode group 12-3 consisting 
of the electrodes 1 2C+ and 1 2D+ and a fourth electrode 
group 12-4 consisting of the electrodes 12C-and 12D-. 

10 These electrode groups 12-1 , 12-4, 12-3 and 12-2 are 
arranged in the order mentioned. 
[0074] The electrodes of the electrode groups 12-1 
and 12-2 have an electrically paired relationship and are 
arranged to extend in the X-direction at the same pitch 

15 p and under the same phase. Likewise, the electrodes 
of the electrode groups 12-3 and 12-4 have an electri- 
cally paired relationship and are arranged to extend in 
the X-direction at the same pitch P and under the same 
phase. However, the phase of the electrodes of the eiec- 

20 trode groups 12-3 and 12-4 is deviated by 1/2 pitch (P/ 
2) from the phase of the electrodes of the electrode 
groups 12-1 and 12-2. 

[0075] On the other hand, the second electrode array 
22 on the second stator section 2 consists of two band- 

25 like electrodes 22M and 22N formed on the substrate 
21 a predetennined distance apart from each other and 
extending in the longitudinal direction (X-direction) of 
the substrate 21 . Further, the fifth electrode 33 is formed 
in four rows on the movable section 3 in a manner to 

30 correspond to the electrode groups 12-1, 12-2, 12-3, 
12-4 of the first electrode array 12. 
[0076] The electrode 12A+, the electrode 12B+, the 
electrode 1 2C+, the electrode 1 2D+, the electrode 1 2A- , 
the electrode 1 2B-, the electrode 1 2C- and the electrode 

35 12D- correspond to the electrodes 12A, 12B, 120 and 
12D in the first embodiment. The electrode imparted 
with the same symbols are commonly connected to the 
driving circuit through the pads PI , P2, P3, P4, P5, P6, 
P7 and P8. 

40 [0077] In the first step of the fourth embodiment of the 
present invention, a positive voltage is applied to the 
electrode 12A+ and a negative voltage is applied to the 
electrode 1 2A- for a predetermined period so as to gen- 
erate lines of electric force running through the electrode 
45 12A+, the fifth electrode 33 and the electrode 12A-. 
Since the lines of electric force thus generated tend to 
shrink as much as possible, an electrostatic attractive 
force is generated between the electrode 12A+, 12A- 
and the fifth electrode 33, with the result that the mov- 
50 able section 3 is moved toward the first stator section 1 . 
Then, a positive voltage is applied to the electrode M22 
and a negative voltage is applied to the electrode N22 
so as to generate lines of electric force running through 
the electrode 22M, the sixth electrode 34 and the elec- 
ts trode N22. Since the lines of electric force thus gener- 
ated tend to shrink as much as possible, an electrostatic 
force is generated between the electrodes M22, N22 
and the sixth electrode 34. with the result that the mov- 



16 



29 



EP 1 202 099 A2 



30 



able section 3 is moved toward the second stator section 
2. 

[0078] In the next step, a positive voltage is applied 
to the electrode 12C+ and a negative voltage is applied 
to the electrode 12C- for a predeternnined period so as s 
to generate an electrostatic attractive force between the 
electrodes 12C+, 12C- and the fifth electrode 33, with 
the result that the movable section 3 is moved toward 
the first stator section 1 , Then, a negative voltage is ap- 
plied to the electrode 22M and a positive voltage is ap- io 
plied to the electrode 22N so as to generate an electro- 
static attractive force between the electrodes 22M, 22N 
and the sixth electrode 34, with the result that the mov- 
able section 3 is moved toward the second stator section 
2. It should be noted that the positions of the electrodes is 
12C+ and 12C- of the first electrode anray 12 to which 
the voltages are applied are deviated by 1/2 pitch (P/2) 
from the positions of the electrodes 12A+ and 12A- to 
which the voltages were applied previously, with the re- 
sult that the movable section 3 is moved by P/2 to the 20 
right when moved toward the second stator section 2. 
[0079] Likewise, a positive voltage is applied to the 
electrode 126+ and a negative voltage is applied to the 
electrode 1 2B- for a predetermined period so as to gen- 
erate an electrostatic attractive force between the elec- 
trodes 12B+, 12B- and the fifth electrode 33, with the 
result that the movable section 3 is moved toward the 
first stator section 1 . Then, a positive voltage is applied 
to the electrode 22M and a negative voltage is applied 
to the electrode 22N so as to generate an electrostatic 30 
attractive force between the electrodes 22M, 22N and 
the sixth electrode 34, with the result that the movable 
section 3 is moved toward the second stator section 2. 
Further, a positive voltage is applied to the electrode 
1 2D+ and a negative voltage is applied to the electrode 35 
12D- for a predetennined period so as to generate an 
electrostatic attractive force between the electrodes 
1 2D+, 1 2D- and the fifth electrode 33, with the result that 
the movable section 3 is moved toward the first stator 
section 1 . Then, a negative voltage Is applied to the eiec- 40 
trode 22M and a positive voltage is applied to the elec- 
trode 22N so as to generate an electrostatic attractive 
force between the electrodes 22M, 22N and the sixth 
electrode 34, with the result that the movable section 3 
is moved toward the second stator section 2. 
[0080] By the driving operation described above, the 
movable section 3 is macroscopically moved to the right 
while being vibrated microscopically between the first 
stator section 1 and the second stator section 2, as in 
the first embodiment. If the order of applying the DC volt- so 
age to the electrodes is made opposite to that described 
above, the movable section 3 can be moved to the left 
in FIG. 14. 

[0081] The fourth embodiment described above pro- 
duces the effects similar to those produced by the first 55 
embodiment described previously. Also, in the first em- 
bodiment, the movement resolution of the movable sec- 
tion 3 (i.e.. the moving distance per step) is equal to the 



electrode arranging pitch P of the first electrode array 
12. In the fourth embodiment, however, the movement 
resolution of the movable section 3 is half the electrode 
arranging pitch P of the first electrode array 12 so as to 
make it possible to achieve the movement of a higher 
accuracy. 

[0082] It should also be noted that, in the fourth em- 
bodiment of the present invention, the connection be- 
tween the electrode and the pad can be achieved by a 
planar wiring in place of a steric wiring so as to improve 
the mass production capability of the electrostatic actu- 
ator. 

(Fifth Embodiment) 

[0083] FIG. 15 Is a plan view showing the first elec- 
trode array 12 on the first stator section 1 included in an 
electrostatic actuator according to a fifth embodiment of 
the present invention. In the fifth embodiment of the 
present invention, two electrode groups are further add- 
ed to the first electrode array 12 used in the fourth em- 
bodiment of the present invention. To be more specific, 
the first electrode array 12 in the fifth embodiment in- 
cludes a first electrode group 1 2-1 consisting of the elec- 
trodes 12A+ and 12B+. a second electrode group 12-2 
consisting of the electrodes 12A- and 12B-, a third elec- 
trode group 12-3 consisting of the electrodes 12C+ and 
12D+, a fourth electrode group 12-4 consisting of the 
electrodes 12C- and 12D-, a fifth electrode group 12-5 
consisting of the electrodes 12E+ and 12F-I-, and a sixth 
electrode group 12-6 consisting of the electrodes 12E- 
and 12F-,. These electrode groups 12-1, 12-2, 12-3, 
12-4, 12-5 and 12-6 are arranged in the order men- 
tioned. 

[0084] The electrodes of the electrode groups 12-1 
and 12-2 have an electrically paired relationship and are 
arranged to extend in the X-direction at the same pitch 
P and under the same phase. Likewise, the electrodes 
of the electrode groups 12-3 and 12-4 have an electri- 
cally paired relationship and are an^anged to extend in 
the X-directlon at the same pitch P and under the same 
phase. Further, the electrodes of the electrode groups 
12-5 and 12-6 have an electrically paired relationship 
and are arranged to extend in the X-direction at the 
same pitch P and under the same phase. However, the 
phase of the electrodes of the electrode groups 12-5 and 
12-6 is deviated by 1/3 pilch (P/3) from the phase of the 
electrodes of the electrode groups 12-3 and 12-4 and, 
thus, is deviated by 2/3 pitch (2P/3) from the phase of 
the electrodes of the electrode groups 12-1 and 12-2. 
[0085] On the other hand, the second electrode array 
22 on the second stator section 2 consists of two band- 
lil<e electrodes 22M and 22N formed on the substrate 
21 a predetermined distance apart from each other and 
extending in the longitudinal direction (first direction) of 
the substrate 21. Further, the third electrode 34 is 
formed in six rows on the movable section 3 in a manner 
to correspond to the electrode groups 12-1,12-2, 12-3, 
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12-4, 12-5 and 12-6 of the first electrode array 12. 
[0086] The electrodes 12A+, 12B+. 12C+. 12D+, 
12E+. 12F+. 12A-. 12B-, 12C-. 12D-. 12E- and 12F- are 
commonly connected to the driving circuit (not shown) 
through pads P1 to PI 2, respectively. 
[0087] In the first step of the fifth embodiment of the 
present invention, a positive voltage is applied to the 
electrode 12A+ and a negative voltage is applied to the 
electrode 12A- for a predetermined period so as to gen- 
erate lines of electric force running through the electrode 
12A+, the fifth electrode 33 and the electrode 12A- so 
as to generate an electrostatic attractive force between 
the electrode 12A+, 12A- and the fifth electrode 33, with 
the result that the movable section 3 is moved toward 
the first stator section 1 . Then, a positive voltage is ap- 
plied to the electrode M22 and a negative voltage is ap- 
plied to the electrode N22 so as to generate an electro- 
static force between the electrodes M22, N22 and the 
sixth electrode 34, with the result that the movable sec- 
tion 3 is moved toward the second stator section 2. 
[0088] In the next step, a positive voltage is applied 
to the electrode 12C+ and a negative voltage is applied 
to the electrode 12C- for a predetermined period so as 
to generate an electrostatic attractive force between the 
electrodes 12C+, 12C- and the fifth electrode 33. with 
the result that the movable section 3 is moved toward 
the first stator section 1 . Then, a negative voltage is ap- 
plied to the electrode 22M and a positive voltage is ap- 
plied to the electrode 22N so as to generate an electro- 
static attractive force between the electrodes 22M, 22N 
and the sixth electrode 34, with the result that the mov- 
able section 3 is moved toward the second stator section 
2. 

[0089] In the next step, a positive voltage is applied 
to the electrode 12F+ and a negative voltage is applied 
to the electrode 12F- for a predetennined period so as 
to generate an electrostatic attractive force between the 
electrodes 12C+, 12C- and the fifth electrode 33, with 
the result that the movable section 3 is moved toward 
the first stator section 1 . Then, a negative voltage is ap- 
plied to the electrode 22M and a positive voltage is ap- 
plied to the electrode 22N so as to generate an electro- 
static attractive force between the electrodes 22M, 22N 
and the sixth electrode 34, with the result that the mov- 
able section 3 Is moved toward the second stator section 
2. 

[0090] By the driving operation described above, the 
movable section 3 is macroscopically moved to the right 
while being vibrated microscopically between the first 
stator section 1 and the second stator section 2, as in 
the first embodiment. If the order of applying the DC volt- 
age to the electrodes is made opposite to that described 
above, the movable section 3 can be moved to the left 
in FIG. 15. 

[0091 ] The fifth embodiment described above produc- 
es the effects similar to those produced by the first em- 
bodiment described previously. Also, in the fourth first 
embodiment, the movement resolution of the movable 



section 3 Is one third of the electrode arranging pitch P 
of the first electrode array 12 so as to make it possible 
to achieve the movable section movement of a higher 
accuracy. The technical idea of the fifth embodiment 

5 readily suggests that it is possible for the first electrode 
array to be fomned of a larger number of electrode 
groups. If the first electrode an-ay is formed of an n- 
number of electrode groups, n being an even number, 
which are arranged side by side in a manner to extend 

10 in the longitudinal direction of the first stator section 1 , 
the movement resolution of the movable section 3 can 
be further increased by deviating the phase of each of 
the electrodes of the electrode groups by 1/(n/2) of the 
electrode arranging pitch. 

15 [0092] The fifth embodiment of the present invention 
is equal to the fourth embodiment in that a steric wiring 
is not required so as to make it possible to Improve the 
mass production capability of the electrostatic actuator. 

20 (Sixth Embodiment) 

[0093] FIGS. 12A and 12B show the first electrode ar- 
ray 12 on the first stator section 1 and the second elec- 
trode array 22 on the second stator section 22, respec- 
25 lively, according to a sixth embodiment of the present 
invention. As shown in FIG. 16A. the first electrode an-ay 
12 includes a first electrode group 12-1 consisting of 
electrodes 12A4- and 12B+ each arranged at a pitch P 
in a manner to extend in the X-direction and a second 
30 electrode group 1 2-2 consisting of electrodes 1 2A- and 
12B- each an-anged at a pitch P in a manner to extend 
in the X-direction. On the other hand, the second elec- 
trode array 22 includes a first electrode group 22-1 con- 
sisting of electrodes 12C+ and 12D+ each an-anged at 

35 a pitch P in a manner to extend in the X-direction and a 
second electrode group 22-2 consisting of electrodes 
12C- and 12D- each arranged at a pitch P in a manner 
to extend in the X-direction. It should be noted, however, 
that the phase of the electrodes of the second electrode 

40 array 22 is deviated by 1/2 pitch (P/2) from the phase of 
the electrodes of the first electrode array 1 2. 
[0094] The electrodes 1 2A+, the electrodes 1 2B-»-, the 
electrodes 12A- and the electrodes 12B- are commonly 
connected to the driving circuit (not shown) through the 

45 pads PI, P2, P3 and P4, respectivelsy. Likewise, the 
electrode 1 20+, the electrode 1 2D+, the electrode 1 2C- 
and the electrode 1 2D- belong to the groups of the elec- 
trode 1 2C+, the electrode 12D+, the electrode 12C-and 
the electrode 12D-, respectively, and are commonly 

50 connected for each group to the driving circuit (not 
shown) through the pads P5, P6, P7 and PS. 
[0095] The operation of the electrostatic actuator ac- 
cording to the sixth embodiment of the present invention 
will now be described with reference to FIGS. 17A to 

55 17H. Specifically, FIGS. 17A to 13H show the wave 
forms of the voltages applied to electrode 12A+, the 
electrode 12A-. the electrode 12B4-, the electrode 12B-, 
the electrode 120+, the electrode 12C-, the electrode 
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12D-I-, the electrode 12D-. respectively. 
[0096] In the first step, a positive voltage is applied to 
the electrode 12A+ on the first stator section 1 and a 
negative voltage is applied to the electrode 1 2A- on the 
first stator section 1 during a period T1 as shown in 
FIGS. 17A and 176. In this stage, the circuit consisting 
of the electrode 1 2A+, the fifth electrode 33 and the elec- 
trode 12A- equivalently corresponds to a series circuit 
Including two capacitors so as to generate lines of elec- 
tric force running through the electrode 12A+, the fifth 
electrode 33 and the electrode 12A-. Since the lines of 
electric force thus generated tend to shrink as much as 
possible, an electrostatic attractive force is generated 
between the electrodes 12A+, 12A- and the fifth elec- 
trode 33, with the result that the movable section 3 is 
moved toward the first stator section 1 . 
[0097] Then, a positive voltage Is applied to the elec- 
trode 12C+ on the second stator section 2 and a nega- 
tive voltage is applied to the electrode 12C- on the sec- 
ond stator section 2 during a period T2 as shown in 
FIGS. 17E and 17F. In this stage, the circuit consisting 
of the electrode 12C+, the sixth electrode 34 and the 
electrode 12C- equivalently corresponds to a series cir- 
cuit including two capacitors so as to generate lines of 
electric force running through the electrode 12C+, the 
sixth electrode 34 and the electrode 12C-. Since the 
lines of electric force thus generated tend to shrink as 
much as possible, an electrostatic attractive force is 
generated between the electrodes 12C4-, 12C- and the 
fifth electrode 33, with the result that the movable sec- 
tion 3 is moved toward the second stator section 2. It 
should be noted that the phase of the electrodes 12C+, 
1 2C- is deviated by P/2 from the phase of the electrodes 
12A-h, 12A-, with the result that the movable section 3 
is moved to the right in FIG. 16 by P/2 when moved to 
the second stator section 2. 

[0098] In the next step, a positive voltage is applied 
to the electrode 12B+ on the first stator section 1 and a 
negative voltage is applied to the electrode 12B- on the 
first stator section 1 during a period T3 as shown in 
FIGS. 17C and 17D. In this stage, lines of electric force 
are generated in a manner to run through the electrode 
12B+. the fifth electrode 33 and the electrode 12B-. As 
a result, an electrostatic attractive force is generated be- 
tween the electrodes 12B+, 12B- and the fifth electrode 
33, with the result that the movable section 3 Is moved 
toward the first stator section 1 . II should be noted that 
the phase of the electrodes 12B+, 12B- is deviated by 
P/2 from the phase of the electrodes 12A+, 12A-, with 
the result that the movable section 3 is moved to the 
right in FIG. 16 by P/2 when moved to the first stator 
section 1 . 

[0099] Then, a positive voltage is applied to the elec- 
trode 1 2D+ on the second stator section 2 and a nega- 
tive voltage is applied to the electrode 12D- on the sec- 
ond stator section 2 during a period T4 as shown in 
FIGS. 17G and 17H. As a result, lines of electric force 
are generated to run through the electrode 12D+, the 



sixth electrode 34 and the electrode 12D-, and an elec- 
trostatic attractive force is generated between the elec- 
trodes 12D+, 12D- and the sixth electrode 34, with the 
result that the movable section 3 is moved toward the 

5 second stator section 2. It should be noted that the 
phase of the electrodes 12D+, 12D- is deviated by P/2 
from the phase of the electrodes 12C+, 12C-, with the 
result that the movable section 3 is moved to the right 
in FIG. 1 6 by P/2 when moved to the second stator sec- 

10 tion 2. 

[0100] By the driving operation described above, the 
movable section is macroscopically moved to the right 
in FIG. 1 6 while being vibrated microscopically between 
the first statorsection and the second stator section. The 
^5 movable section 3 can be moved to the left in FIG. 16 
by making opposite the order of applying a DV voltage 
to the electrodes. 

[01 01] Likewise, a DC voltage is applied successively 
to the electrode 12A+, the electrode 12A-: the eleclrode 

20 1 2B+, the electrode 1 2B*. the electrode 1 2C+, the elec- 
trode 12C-, the electrode 12D-i- and the electrode 12D- 
during periods T4 to TB, and the driving operation of one 
period T is finished by the periods T1 to TB. it should be 
noted in this connection that the polarity of the DC voW- 

25 age applied during the periods T5 to TB is opposite to 
that of the DC voltage applied during the periods T1 to 
T4, as apparent from FIGS. 17A to 17H, with the result 
that the charge produced by the dielectric polarization 
of the dielectric films 13, 23 is canceled as in the em- 

30 bodiments described previously. It follows that the mov- 
ing operation of the movable section 3 is prevented from 
being rendered unstable by the dielectric polarization. 

(Seventh Embodiment) 

35 

[0102] FIG. 18 is a plan view showing the first elec- 
trode array 12 on the first stator section 1 according to 
a seventh embodiment of the present invention. The 
seventh embodiment of the present invention differs 

40 from the sixth embodiment in that the first electrode 
group 12-1 in the sixth embodiment consisting of the 
electrodes 12A+ and 12B+ is divided into electrode 
groups 12-1 A and 12-B, and these electrode groups 
1 2-1 A and 1 2-B are an-anged on both sides of the sec- 

-fs ond electrode group 12-2 consisting of the electrodes 
12A-and 12B-. The electrodes belonging to the same 
group of the divided electrode groups 12-1 A and 12-1 B 
are commonly connected by wirings, and these divided 
electrode groups 12-1 A and 12-B collectively perfomri 

so the function of a single electrode group. 

[01 03] On the other hand, the phase of the electrodes 
of the second electrode array (not shown) on the second 
stator section 2 is deviated by 1/2 pitch from the phase 
of the electrodes of the first electrode array as in the 

55 sixth embodiment. The driving operation of the seventh 
embodiment is equal to that of the sixth embodiment 
and, thus, the description is omitted In respect of the 
driving operation of the seventh embodiment. 
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[01 04] The seventh embodrment produces the effects 
simitar to those produced by the first to sixth embodi- 
ments described previously and an additional effect as 
described in the following. Specifically, in each of the 
first to sixth embodiments, the point at which the elec- 5 
trostatic attractive force produced between the first sta- 
tor section 1 or the second staler section 2 and the mov- 
able section 3 is rendered maximum is positioned in the 
center in the Y-direction. with the result that it is possible 
for the movable section 3 to be swung to the right or left io 
about the center in the Y-direction. In the seventh em- 
bodiment, however, the point where the electrostatic at- 
tractive force is rendered maximum is positioned in two 
points deviant to the right and the left from the center In 
the Y-direction, with the result that the movable section ^5 
3 is unlikely to be swung. In conclusion, the seventh em- 
bodiment is advantageous over the first to seventh em- 
bodiments in that it is possible to stabilize the behavior 
and the posture of the movable section 3. 

20 

(Eighth Embodiment) 

[0105] FIG. 19 is a plan view showing the first elec- 
trode array 12 on the first stator section 1 according to 
a eighth embodiment of the present invention. The 25 
eighth embodiment differs from the sixth embodiment in 
that the electrode 12B+ in the sixth embodiment Is di- 
vided in the second direction (Y-direction) into three 
electrodes, and the divided electrodes 12B- are ar- 
ranged between the adjacent electrodes A2A+. These 30 
divided electrodes 12B- are commonly connected by a 
wiring and collectively perfomi the function of a single 
electrode group. 

[0106] On the other hand, the phase of the electrodes 
of the second electrode array (not shown) on the second 35 
stator section 2 is deviated by 1/2 pitch from the phase 
of the electrodes of the first electrode array as in the 
sixth embodiment. The driving operation of the eighth 
embodiment is equal to that of the sixth embodiment 
and, thus, the description is omitted in respect of the 40 
driving operation of the eighth embodiment. 
[0107] The eighth embodiment produces the effects 
similar to those produced by the seventh embodiment 
and an additional effect as described in the following. 
Specifically, it Is possible to improve the wiring efficiency ^5 
of the electrodes 12A+ and the electrodes 12B+ as ap- 
parent from FIG. 19. It follows that the eighth embodi- 
ment is advantageous in that, If the area of the substrate 
11 is the same, it is possible to increase the effective 
area of the electrode, leading to an improved driving ca- so 
pability of the movable section 3. 

(Ninth Embodiment) 

[01 08] FIG. 20 is a plan view showing the construction 55 
of the second electrode array 22 on the second stator 
section 2 according to an ninth embodiment of the 
present invention. As shown in the drawing, the second 



electrode array 22 includes the electrodes 22M and 22N 
as in the first embodiment. What should be noted is that 
each of these electrodes 22M and 22N is in the shape 
of comb teeth, and the teeth of these electrodes 22M 
and 22N are meshed with each other in a con-contact 
fashion. The second electrode array 22 of the particular 
construction produces the effect similar to that produced 
by the second electrode array 22 used in the first em- 
bodiment. 

(Tenth Embodiment) 

[01 09] An application of the electrostatic actuator of 
the present invention will now be described. The elec- 
trostatic actuator of the present invention permits pro- 
ducing efficient driving characteristics with a small pow- 
er consumption and, thus, Is adapted tor use as, for ex- 
ample, the focus adjusting mechanism of a small elec- 
tronic camera. 

[0110] FIG. 21 shows the module portion of a small 
electronic camera using the electrostatic actuator ac- 
cording to the ninth embodiment of the present Invention 
in the focus adjusting mechanism. As shown in the 
drawing, a solid state image pick-up element 101 
formed of a CMOS or a CCD is arranged on a substrate 
100, and an electrostatic actuator 1 02 Is mounted to the 
solid state image picl<-up element 1 01 . In the electro- 
static actuator 1 02, a lens 5 is integrally mounted to the 
movable section 3 as shown in FIG. 1 . Also, the driving 
circuit 4 of the electrostatic actuator 1 02 and an IC chip 
103 including, for example, a DSP (digital signal proc- 
essor) chip for controlling the driving circuit 4 are mount- 
ed to the substrate 1 00. 

[0111] The electronic camera module can be formed 
very small as shown in FIG. 21 and is adapted for use 
in, for example, a portable telephone and a digital cam- 
era. 



Claims 

1. An electrostatic actuator, characterized by com- 
prising: 

a first stator section (1) including a first elec- 
trode array ( 1 2) including first, second and third 
electrodes (12A, 12B, 12C, 12D) arranged at a 
predetermined pitch in a first direction; 
a second stator section (2) arranged to face the 
first stator section (1 ) and to define a space be- 
tween the first and second stator sections (1 , 
2), and including a second electrode array (22) 
including fourth and fifth electrodes (22M, 22N) 
extending in the first direction; 
a movable section (3) arranged in the space 
and including a first electrode section (33) fac- 
ing the first electrode array (12) and a second 
electrode section (34) facing the second elec- 
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trode array (22), the first and second electrode 
sections (33, 34) being maintained at a prede- 
temnined floating potential; and 
a driving circuit (4) configured to apply DC volt- 
age signals to the first and second electrode ar- s 
rays (12, 22), alternatively, the DC voltage sig- 
nal having a first level higher than the predeter- 
mined floating potential and a second level low- 
er than the predetermined floating potential, 
the first DC voltage signal being applied to the io 
adjacent first and second electrodes (12A, 12B, 
12C, 12D) of the first electrode array (12) to at- 
tract the first electrode section (33) of the mov- 
able section (3) during a first period, the first 
and second electrodes (12A, 12B, 12C, 12D) is 
of the first electrode array (12) being main- 
tained at the first and second levels during the 
first period, respectively, 
the second DC vollage signal being applied lo 
the fourth and fifth electrodes (22, 22M, 22N, 
22E, 22F. 22G, 22H) of the second electrode 
array (22) to attract the second electrode sec- 
tion (34) of the movable section (3) during a 
second period, the fourth and fifth electrodes 
(22, 22M, 22N, 22E, 22F, 22G, 22H) of the sec- 25 
ond electrode array (22) being maintained at 
the first and second levels during the second 
period, respectively, 

the third DC voltage signal being applied to the 
adjacent second and third electrodes (12A, so 
12B, 12C. 12D) of the first electrode array (12) 
to attract the first electrode section (33) of the 
movable section (3) during a third period, the 
second and third electrodes (12A, 12B, 12C, 
12D) of the first electrode array (12) being 35 
maintained at the first and second levels during 
the third period, respectively, 
the fourth DC voltage signal being applied to 
the fourth and fifth electrodes (22, 22M, 22N, 
22E, 22F, 22G, 22H) of the second electrode 40 
array (22) to attract the second electrode sec- 
tion (34) of the movable section (3) during a 
fourth period, the fourth electrode (22, 22M, 
22N, 22 E, 22F, 22G, 22H) of the second elec- 
trode array (22) being maintained at one of the 45 
first and second levels during the fourth period, 
and the fifth electrode (22, 22M, 22N, 22E, 22F, 
22G, 22H) of the second electrode array (22) 
being maintained at the other of first and sec- 
ond levels during the fourth period, and so 
the movable section (3) being moved in the first 
direction in accordance with the application of 
the first, second, third and fourth DC voltage 
signals. 

55 

2. The electrostatic actuator according to claim 1, 
characterized in that: 



the first electrode an-ay (12) further Includes a 
sixth electrode, 

the fifth DC voltage signal being applied to the 
adjacent third and sixth electrodes (12A, 12B, 
1 2C, 1 2D) of the first electrode an-ay (12) to at- 
tract the first electrode section'(33) of the mov- 
able section (3) during a fifth period, the third 
and sixth electrodes (12A, 12B, 12C, 12D) of 
the first electrode array (12) being maintained 
at the first and second levels during the fifth pe- 
riod, respectively. 

3. The electrostatic actuator according to either of 
claims 1 or 2. characterized in that: 

the movable section (3) has concave and con- 
vex portions faced to the first electrode array 
(12), the first electrode section (33) of the mov- 
able section (3) formed on the convex portion, 

4. An electrostatic actuator, characterized by com- 
prising: 

a first stator section (1) Including a first elec- 
trode array (12) including first, second andthird 
electrodes (12A, 12B, 12C, 12D) arranged at a 
predetermined pitch in a first direction; 
a second stator section (2) arranged to face the 
first stator section (1 ) and to define a space be- 
tween the first and second stator sections (1 , 
2), and Including a second electrode array (22) 
including fourth, fifth and sixth electrodes (22E, 
22 F, 22G, 22 H) arranged at the predetermined 
pitch in the first direction; 
a movable section (3) arranged in the space 
and including a first electrode section (33) fac- 
ing the first electrode array (12) and a second 
electrode section (34) facing the second elec- 
trode array (22), the first and second electrode 
sections (33, 34) being maintained at a prede- 
tennined floating potential; and 
a driving circuit (4) configured to apply DC volt- 
age signals to the first and second electrode ar- 
rays (12, 22), alternatively, the DC voltage sig- 
nal having a first level higher than the predeter- 
mined floating potential and a second level low- 
er than the predetermined floating potential, 
the first DC voltage signal being applied to the 
adjacent first and second electrodes (1 2A, 1 2B, 
1 2C, 12D) of the first electrode array (12) to at- 
tract the first electrode section (33) of the mov- 
able section (3) during a first period, the first 
and second electrodes (12A, 12B, 120, 12D) 
of the first electrode array (12) being main- 
tained at the first and second levels during the 
first period, respectively, 
the second DC voltage signal being applied to 
the adjacent fourth and fifth electrodes (22E. 
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22F, 22G, 22H) of the second electrode array 
(22) to attract the second electrode section (34) 
of the movable section (3) during a second pe- 
riod, the fourth and fifth electrodes (22E, 22F. 
22G. 22H) of the second electrode array (22) 5 
being maintained at the first and second levels 
during the second period, respectively, 
the third DC voltage signal being applied to the 
adjacent second and third electrodes (12A, 
12B. 12C. 12D) of the first electrode array (12) io 
to attract the first electrode section (33) of the 
movable section (3) during a third period, the 
second and third electrodes (12A, 12B, 12C, 
12D) of the first electrode array (12) being 
maintained at the first and second levels during '5 
the third period, respectively, 
the fourth DC voltage signal being applied to 
the adjacent fifth and sixth electrodes (22E, 
22F, 22G, 22H) of the second electrode array 
(22) to attract the second electrode section (34) 
of the movable section (3) during a fourth peri- 
od, the fifth and sixth electrodes (22E, 22F, 
22G. 22H) of the second electrode array (22) 
being maintained at the first and second levels 
during the fourth period, respectively, and 2S 
the movable section (3) being moved In the first 
direction in accordance with the application of 
the first, second, third and fourth DC voltage 
signals. 

30 

5. The electrostatic actuator according to claim 4, 
characterized in that: 

the second electrode array (22) Is arranged at 
the same pitch as that of the first electrode ar- 35 
ray (12) in the first direction and the arrange- 
ment of the second electrode array (22) is de- 
viated by half the predetermined pitch from the 
arrangement of the first electrode array (12). 

40 

6. The electrostatic actuator according to claim 4, 
characterized in that: 

the first electrode array (12) further includes a 
seventh electrode (12A, 12B, 12C. 12D). 
the second electrode array (22) further Includes 
a eighth electrode (22E, 22F, 22G. 22H), 
the fifth DC voltage signal is applied to the ad- 
jacent third and seventh electrodes (12A, 12B, 
1 2C, 1 2D) of the first electrode array (1 2) to at- so 
tract the first electrode section (33) of the mov- 
able section (3) during a fifth period, the third 
and seventh electrodes (12A, 12B. 12C, 12D) 
of the first electrode array (12) being main- 
tained at the first and second levels during the 55 
fifth period, respectively and 
the sixth DC voltage signal is applied to the 
fourth and eighth electrodes (22E. 22F. 22G, 



22H) of the second electrode array (22) to at- 
tract the second electrode section (34) of the 
movable section (3) during a sixth period, the 
fourth and eighth electrodes (22E, 22F, 22G, 
22H) of the second electrode array (22) being 
maintained at the first and second levels during 
the sixth period, respectively. 

7. The electrostatic actuator according to any of 
claims 4 to 6, characterized in that: 

the movable section (3) has concave and con- 
vex portions faced to the first electrode array 
(12), the first electrode section (33) of the mov- 
able section (3) formed on the convex portion. 

8. An electrostatic actuator, characterized by com- 
prising: 

a first stator section (1) including first and sec- 
ond electrode arrays (12, 12-1, 12-2) each In- 
cluding first, second and third electrodes 
(12A+, 12B+. 12C+. 12D+, 12A-, 12B-. 12C-, 
1 2D-) and arranged substantially in parallel and 
at a predetermined pitch in a first direction; 
a second stator section (2) arranged to face the 
first stator section (1 ) and to define a space be- 
tween the first and second stator sections (1 . 
2), and including a third electrode an-ay (22) in- 
cluding fourth and fifth electrodes (22M. 22N); 
a movable section (3) arranged in the space 
and including a first electrode section (33) fac- 
ing the first electrode array (12) and a second 
electrode section (34) facing the second elec- 
trode array (22), the first and second electrode 
sections (33, 34) being maintained at a prede- 
termined floating potential; and 
a driving circuit (4) configured to apply DC volt- 
age signals to the first, second and third elec- 
trode arrays (12, 12-1, 12-2) and the third elec- 
trode an-ay (22), alternatively, the DC voltage 
signal having a first level higher than the pre- 
determined floating potential and a second lev- 
el lowerthan the predetermined floating poten- 
tial, 

the first DC voltage signal being applied to the 
first and second electrodes (12A+, 12B+, 
12C+, 12D-I-, 12A-, 12B-, 12C-, 12D-) of the first 
and second electrode arrays (12,12-1,1 2-2) to 
attract the first electrode section (33) of the 
movable section (3) during a first period, the 
first electrodes (12A+, 12B+, 12C+, 12D+, 
1 2A-, 1 2B-, 1 2C-, 1 2D-) of the first and second 
electrode arrays (12, 12-1, 12-2) being main- 
tained at the first and second levels during the 
first period, respectively, 
the second DC voltage signal being applied to 
the fourth and fifth electrodes (22M. 22N) of the 
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third electrode array (22) to attract the second 
electrode section (34) of the nnovable section 
(3) during a second period, 
the third DC voltage signal being applied to the 
second and third electrodes (12A+, 12B+, 5 
12C+, 12D+, 12A-. 12B-. 12C-, 12D-) of the first 
and second electrode arrays (12, 12-1, 12-2) to 
attract the first electrode section (33) of the 
movable section (3) during a third period, the 
second and third electrodes (12A+, 12B+, io 

12D+, 12A-, 12B-. 12C-, 1 2D-) of the first 
and second electrode arrays (12, 12-1, 12-2) 
being maintained at the first and second levels 
during the third period, respectively, and the 
movable section (3) being moved in the first di- is 
rection In accordance with the application of the 
first, second and third DC voltage signals. 

9. The eleclroslalic actuator according to claim 8, 
characterized in that: 20 

the first and second electrodes (22M, 22N) of 
the third electrode array (22) are extended in 
the first direction. 

25 

10. The electrostatic actuator according to claim 9, 
characterized in that: 

the first and second electrode arrays (12, 12-1. 
12-2) further includes sixth electrodes (12A+, 30 
12B+, 12C+. 12D+, 12A-, 12B-, 12C-, 12D-), 
the fourth DC voltage signal Is applied to the 
fourth and fifth electrodes (22M, 22N) of the 
third electrode array (22) to attract the second 
electrode section (34) of the movable section 35 
(3) during a fourth period, and 
the fifth DC voltage signal is applied to the sixth 
electrodes (12A+, 12B+, 12C+, 12D+, 12A-. 
12B-, 12C-, 12D-) of the first and second elec- 
trode arrays (1 2, 12-1 , 1 2-2) to attract the sec- 40 
ond electrode section (34) of the movable sec- 
tion (3) during a fifth period. 

11. An electrostatic actuator, characterized by com- 
prising: 4i> 

a first staler section (1) including first and sec- 
ond electrode arrays (12, 12-1, 12-2) each in- 
cluding first and second electrodes (12A+, 
12B+, 12A-, 12B-) and arranged substantially so 
in parallel and at a predetermined pitch in a first 
direction; 

a second stator section (2) arranged to face the 
first stator section (1 ) and to define a space be- 
tween the first and second stator sections (1, ss 
2), and including third and fourth electrode ar- 
rays (22. 22-1, 22-2) each including third and 
fourth electrodes (22C+, 22D+,22C-, 22D-) and 



arranged substantialiy in parallel and at a pre- 
determined pitch in the first direction, the third 
and fourth electrode array (22, 22-1 , 22-2) be- 
ing arranged at the same pitch as that of the 
first and second electrode arrays (12, 12-1, 
1 2-2) in the first direction and the arrangement 
of the third and fourth electrode arrays (22, 
22-1 , 22-2) being deviated by the half of the 
predetermined pitch from the arrangement of 
the first and second electrode arrays (12, 12-1 , 
12-2); 

a movable section (3) arranged In the space 
and including a first electrode section (33) fac- 
ing the first and second electrode arrays (12, 
12-1,1 2-2) and a second electrode section (34) 
facing the third and fourth electrode arrays (22, 
22-1 , 22-2), the first and second electrode sec- 
tions (33, 34) being maintained at a predeter- 
mined floating potential; and 
a driving circuit (4) configured to apply DC volt- 
age signals to the first, second, third and fourth 
electrode arrays(12, 12-1, 12-2, 22, 22-1, 
22-2), alternatively, the DC voltage signal hav- 
ing a first level higher than the predetermined 
floating potential and a second level lower than 
the predetermined floating potential, 
the first DC voltage being applied to the first 
electrodes (12A+, 12B+, 12A-, 12B-) of the first 
and second electrode arrays (12,12-1,1 2-2) to 
attract the first electrode section (33) of the 
movable section (3) during a first period, the 
first electrodes (12A+, 12B+. 12A-, 12B-) of the 
first and second electrode arrays (12, 12-1, 
1 2-2) being maintained at the first and second 
levels during the first period, respectively 
the second DC voltage being applied to the 
third electrodes (22C+, 22D+,22C-, 22D-) of 
the third and fourth electrode arrays (22, 22-1 , 
22-2) to attract the second electrode section 
(34) of the movable section (3) during a second 
period, the third electrodes of the third and 
fourth electrode arrays being maintained at the 
first and second levels during the second peri- 
od, respectively, 

the third DC voltage being applied to the sec- 
ond electrodes (12A+, 12B+, 12A-, 12B-)ofthe 
first and second electrode arrays (12, 12-1, 
12-2) to attract the first electrode section (33) 
of the movable section (3) during a third period, 
the second electrodes (12A+, 12B+, 12A-, 
12B-) of the first and second electrode arrays 
(12, 12-1, 12-2) being maintained at the first 
and second levels during the third period, re- 
spectively, 

the fourth DC voltage being applied to the fourth 
electrodes (22C+, 22D+,22C-. 22D-) of the 
third and fourth electrode arrays (22, 22-1, 
22-2) to attract the second electrode section 
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(34) of the movable section (3) during a fourth 
period, the fourth electrodes (22C+. 22D+, 
22C-, 22D-) of the third and fourth electrode ar- 
rays (22, 22-1, 22-2) being nnaintained at the 
third and fourth levels during the fourth period, 
respectively, and 

the nnovable section (3) being moved in the first 
direction in accordance with the application of 
the first, second, third and fourth DC voltage 
signals. 

12. The electrostatic actuator according to claim 11, 
characterized in that: 

the first and second electrode arrays (12,12-1, 
12-2) further includes a fifth electrode (12A+, 
12B+, 12A-, 12B-). 

the third and fourth electrode arrays (22, 22-1 , 
22-2) further includes a sixth electrode (22C+, 
22D+,22C-, 22D-), 

the fifth DC voltage signal is applied to the fifth 
electrodes (12A+, 12B+, 12A-, 12B-) of the first 
and second electrode arrays (12, 12-1 , 12-2) to 
attract the first electrode section (33) of the 
movable section (3) during a fifth period, the 
fifth electrodes (12A+, 12B-i., 12A-, 12B-) of the 
first and second electrode arrays (12, 12-1, 
12-2) being maintained at the first and second 
levels during the fifth period, respectively and 
the sixth DC voltage signal is applied to the 
sixth electrodes (22C+, 22D+.22C-. 22D-) of 
the third and fourth electrode arrays (22, 22-1 , 
22-2) to attract the second electrode section 
(34) of the movable section (3) during a sixth 
period, the sixth electrodes (22C+, 22D+,22C-, 
22D-) of the third and fourth electrode arrays 
(22, 22-1, 22-2) being maintained at the first 
and second levels during the sixth period, re- 
spectively. 

13. An electrostatic actuator, characterized by com- 
prising: 

a first stator section (1) including first, second 
and third electrode arrays (12, 12-1, 12-2, 12-3) 
each Including first and second electrodes 
(12A-h, 12A-, 12B+, 12B-) and arranged sub- 
stantially in parallel and at a predetermined 
pitch in a first direction; 

a second stator section (2) arranged to face the 
first stator section (1 ) and to define a space be- 
tween the first and second stator sections (1, 
2), and including a fourth electrode array (22) 
including fourth and fifth electrodes (22M, 
22N); 

a movable section (3) arranged in the space 
and including a first electrode section (33) fac- 
ing the first, second and third electrode arrays 



(12) and a second electrode section (34) facing 
the fourth electrode array (22), the first and sec- 
ond electrode sections (33, 34) being main- 
tained at a predetermined floating potential; 

5 and 

a driving circuit (4) configured to apply DC volt- 
age signals to the first, second, third and fourth 
electrode arrays (12, 12-1, 12-2. 12-3, 22), al- 
ternatively, the DC voltage signal having a first 

10 level higher than the predetermined floating po- 

tential and a second level lower than the pre- 
determined floating potential, 
the first DC voltage signal being applied to the 
first and second electrodes (12A+, 12A-, 12B+, 

15 1 2B-) of the first, second and third electrode ar- 

rays (12, 12-1, 12-2, 12-3) to attract the first 
electrode section (33) of the movable section 
(3) during a first period, the first and second 
electrodes (12A-I-, 12A-, 12B+, 12B-) of the first 

20 and third electrode arrays (12, 12-1,12-2, 12-3) 

being maintained at one of the first and second 
levels during the first period and the first and 
second electrodes (12A+, 12A-, 12B+, 12B-) of 
the second electrode array (12, 12-2) being 

25 maintained at the other of the first and second 

levels during the first period, 
the second DC voltage signal being applied to 
the third and fourth electrodes (22M, 22N) of 
the fourth electrode array (22) to attract the sec- 

30 ond electrode section (34) of the movable sec- 

tion (3) during a second period, 
the third DC voltage signal being applied to the 
second and third electrodes (12A4-, 12A-, 
1 2B+, 1 2B-) of the first, second and third elec- 

35 trode arrays (12, 12-1,1 2-2, 1 2-3) to attract the 

first electrode section (33) of the movable sec- 
tion (3) during a third period, the second and 
third electrodes (12A4-, 12A-, 12B+, 1 2B-) of the 
first and third electrode arrays (12, 12-1 , 12-2, 

40 12-3) being maintained at one of the first and 

second levels during the third period, the sec- 
ond electrodes ( 1 2A-I-, 1 2A-, 1 2B+. 1 2B-) of the 
second electrode array (12, 12-2) being main- 
tained at the other of the first and second levels 

45 during the third period, and the movable section 

(3) being moved in the first direction in accord- 
ance with the application of the first, second 
and third DC voltage signals. 

so 14. The electrostatic actuator according to claim 13, 
characterized In that: 

the first and second electrodes (22M, 22N) of 
the fourih electrode array (22) are extended in 
55 the first direction. 

15. The electrostatic actuator according to claim 14, 
characterized in that: 
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the movable section (3) has concave and con- 
vex portions faced to the first electrode array 
(12), the first electrode section (33) of the mov- 
able section (3) fomned on the convex portion. 

16. A camera module for photographing a picture im- 
age, characterized by comprising: 



second levels during the third period, re- 
spectively, and the movable section (3) be- 
ing moved in the first direction in accord- 
ance with the application of the first, sec- 
ond and third voltage signals. 

a lens (5) mounted in the movable section (3) 
and movable with the movable section (3), con- 
figured to transfer the picture image; and 
an image pick-up element (101) configured to 
receive the transferred picture image to gener- 
ate a image signal. 

17. A camera module for photographing a picture Im- 
age, characterized by comprising: 

an electrostatic actuator, including: 



an electrostatic actuator, including: 

10 

a first stator section (1) including a first 
electrode array (12) including first, second 
and third electrodes (12A, 12B, 12C, 12D) 
arranged at a predetermined pitch in a first 
direction; is 
a second stator section (2) arranged to 
face the first stator section (1 ) and to define 
a space between the first and second sta- 
tor sections (1, 2), and including a second 
electrode array (22) including fourth and 20 
fifth electrodes (22, 22M, 22N, 22E, 22F, 
22G, 22H); 

a movable section (3) arranged in the 
space and including a first electrode sec- 
tion (33) facing the first electrode array (12) 25 
and a second electrode section (34) facing 
the second electrode array (22), the first 
and second electrode sections (33, 34) of 
the movable section (3) being maintained 
at a predetemiined floating potential; and 30 
a driving circuit (4) configured to apply DC 
voltage signals to the first and second elec- 
trode arrays (12, 22), alternatively, the DC 
voltage signal having a first level higher 
than the predetermined floating potential 35 
and a second level lower than the prede- 
termined floating potential, 
the first DC voltage signal being applied to 
the adjacent first and second electrodes of 
the first electrode array (12) to attract the 40 
first electrode section (33) of the movable 
section (3) during a first period, the first and 
second electrodes of the first electrode ar- 
ray (12) being maintained at the first and 
second levels during the first period, re- ^5 
spectlvely, 

the second DC voltage signal being ap- 
plied to the fourth and fifth electrodes of the 
second electrode array (22) to attract the 
second electrode section (34) of the mov- so 
able section (3) during a second period, 
the third DC voltage signal being applied to 
the adjacent second and third electrodes 
of the first electrode array (1 2) to attract the 
first electrode section (33) of the movable ss 
section (3) during a third period, the second 
and third electrodes of the first electrode 
array (12) being maintained at the first and 



a first stator section (1) including a first 
electrode array (12) including first, second 
and third electrodes (12A, 12B, 12C, 12D) 
arranged at a predetermined pitch in a first 
direction; 

a second stator section (2) arranged to 
face the first stator section ( 1 ) and to define 
a space between the first and second sta- 
tor sections (1 , 2), and including a second 
electrode array (22) including fourth, fifth 
and sixth electrodes (22E, 22F, 22G, 22H) 
arranged at the predetermined pitch in the 
first direction; 

a movable section (3) arranged in the 
space and including a first electrode sec- 
tion (33) facing the first electrode array (1 2) 
and a second electrode section (34) facing 
- the second electrode array (22), the first 
and second electrode sections (33, 34) be- 
ing maintained at a predetermined floating 
potential; and 

a driving circuit (4) configured to apply DC 
voltage signals to the first and second elec- 
trode arrays (12, 22), alternatively, the DC 
voltage signal having a first level higher 
than the predetemiined floating potential 
and a second level lower than the prede- 
termined floating potential, 
the first DC voltage signal being applied to 
the adjacent first and second electrodes 
(12A. 12B, 12C, 1 2D) of the first electrode 
array (12) to attract the first electrode sec- 
tion (33) of the movable section (3) during 
a first period, the first and second elec- 
trodes (12A, 12B. 12c, 12D) of the first 
electrode array (12) being maintained at 
the first and second levels during the first 
period, respectively. 

the second DC voltage signal being ap- 
plied to the adjacent fourth and fifth elec- 
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trades (22E, 22F, 22G. 22H) of the second 
electrode array (22) to attract the second 
electrode section (34) of the movable sec- 
tion (3) during a second period, the fourth 
and fifth electrodes (22E, 22F. 22G. 22H) 5 
of the second electrode array (22) being 
maintained at the first and second levels 
during the second period, respectively, 
the third DC voltage signal being applied to 
the adjacent second and third electrodes 
(12A, 12B, 12C, 12D) of the first electrode 
array (12) to attract the first electrode sec- 
tion (33) of the movable section (3) during 
a third period, the second and third elec- 
trodes (12A, 12B, 12C, 12D) of the first is 
electrode array (12) being maintained at 
the first and second levels during the third 
period, respectively, 

the fourth DC voltage signal being applied 
to the adjacent fifth and sixth electrodes 
(22E, 22F, 22G, 22H) of the second elec- 
trode array (22) to attract the second elec- 
trode section (34) of the movable section 
(3) during a fourth period, the fifth and sixth 
electrodes (22E, 22F, 22G,22H) of the sec- 25 
ond electrode array (22) being maintained 
at the first and second levels during the 
fourth period, respectively, and 
the movable section (3) being moved in the 
first direction in accordance with the appli- 
cation of the first, second, third and fourth 
DC voltage signals. 

a lens (5) mounted in the movable section (3) 
and movable with the movable section (3), con- 35 
figured to transfer the picture image; and 
an image pick-up element (101) configured to 
receive the transferred picture image to gener- 
ate a image signal. 

40 

18. A camera module for photographing a picture im- 
age, characterized by comprising: 

an electrostatic actuator, including: 

45 

a first stator section (1) Including first and 
second electrode arrays (12, 12-1. 12-2) 
each including first and second electrodes 
(12A+, 12B+, 12A-, 12B-) and arranged 
substantially in parallel and at a predeter- so 
mined pitch in a first direction; 
a second stator section (2) arranged to 
face the first stator section (1) and to define 
a space between the first and second sta- 
tor sections (1 , 2), and including third and 55 
fourth electrode an-ays (22. 22-1, 22-2) 
each including third and fourth electrodes 
{22C+, 22D+.22C-, 22D-) and arranged 



substantially in parallel and at a predeter- 
mined pitch in the first direction, the third 
and fourth electrode array (22. 22-1 , 22-2) 
being arranged at the same pitch as that of 
the first and second electrode arrays (12, 
12-1 . 12-2) in the first direction and the ar- 
rangement of the third and fourth electrode 
arrays (22, 22-1, 22-2) being deviated by 
the half of the predetennined pitch from the 
arrangement of the first and second elec- 
trode an-ays (12, 12-1, 12-2); 
a movable section (3) arranged in the 
space and including a first electrode sec- 
tion (33) facing the first and second elec- 
trode arrays (12, 12-1 , 12-2) and a second 
electrode section (34) facing the third and 
fourth electrode arrays (22, 22-1 , 22-2), the 
first and second electrode sections (33, 34) 
being maintained at a predetermined float- 
ing potential; and 

a driving circuit (4) configured to apply DC 
voltage signals to the first, second, third 
and fourth electrode arrays(12, 12-1 , 12-2, 
22, 22-1 , 22-2), alternatively, the DC volt- 
age signal having a first level higher than 
the predetermined floating potential and a 
second level lower than the predetermined 
floating potential, 

the first DC voltage being applied to the first 
electrodes (12A+. 12B+. 12A-, 12B-) of the 
first and second electrode an-ays (12, 1 2-1 , 
12-2) to attract the first electrode section 
(33) of the movable section (3) during a first 
period, the first electrodes (12A-»-, 12B+, 
12A-, 12B-) of the first and second elec- 
trode arrays (12, 12-1, 12-2) being main- 
tained at the first and second levels during 
the first period, respectively, 
the second DC voltage being applied to the 
third electrodes (22C+. 22D+,22C-, 22D-) 
of the third and fourth electrode arrays (22, 
22-1 , 22-2) to attract the second electrode 
section (34) of the movable section (3) dur- 
ing a second period, the third electrodes of 
the third and fourth electrode arrays being 
maintained at the first and second levels 
during the second period, respectively, 
the third DC voltage being applied to the 
second electrodes (12A-f. 12B-I-, 12A-, 
12B-) of the first and second electrode ar- 
rays (12, 12-1 . 12-2) to attract the first elec- 
trode section (33) of the movable section 
(3) during a third period, the second elec- 
trodes (1 2A+. 1 2B+, 1 2A-, 1 2B-) of the first 
and second electrode arrays (12, 12-1, 
1 2-2) being maintained at the first and sec- 
ond levels during the third period, respec- 
tively, 
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the fourth DC voltage being applied to the 
fourth electrodes (22C+. 22D+.22C-, 22D-) 
of the third and fourth electrode arrays (22. 
22-1, 22-2) to attract the second electrode 
section (34) of the movable section (3) dur- s 
ing a fourth period, the fourth electrodes 
(22C+, 22D+,22C-. 22D-) of the third and 
fourth electrode arrays (22, 22-1 , 22-2) be- 
ing maintained at the third and fourth levels 
during the fourth period, respectively, and io 
the movable section (3) being moved in the 
first direction in accordance with the appli- 
cation of the first, second, third and fourth 
DC voltage signals. 

75 

a lens (5) mounted in the movable section (3) 
and movable with the movable section (3), con- 
figured to transfer the picture Image; and 
an image pick-up element (1 01 ) configured to 
receive the transferred picture image to gener- 
ate a image signal. 

19. A camera module for photographing a picture im- 
age, characterized by comprising: 

25 

an electrostatic actuator, including: 

a first stator section (1 ) Including first, sec- 
ond and third electrode arrays (12, 12-1, 
1 2-2, 1 2-3) each including first and second 30 
electrodes (12A+, 12A-. 12B+, 12B-) and 
arranged substantially in parallel and at a 
predetermined pitch in a first direction; 
a second stator section (2) arranged to 
face the first stator section (1 ) and to define 35 
a space between the first and second sta- 
tor sections (1, 2), and including a fourth 
electrode array (22) including third and 
fourth electrodes (22M. 22N); 
a movable section (3) arranged in the 
space and including a first electrode sec- 
tion (33) facing the first, second and third 
electrode arrays (1 2) and a second elec- 
trode section (34) facing the fourth elec- 
trode array (22), the first and second elec- 
trode sections (33, 34) being maintained at 
a predetermined floating potential; and 
a driving circuit (4) configured to apply DC 
voltage signals to the first, second, third 
and fourth electrode arrays (12, 12-1, 12-2, 
12-3, 22), alternatively, the DC voltage sig- 
nal having a first level higher than the pre- 
determined floating potential and a second 
level lower than the predetenmined floating 
potential, 

the first DC voltage signal being applied to 
the first electrodes (12A+, 12A-, 12B+, 
12B-) of the first, second and third elec- 



trode an'ays (1 2, 12-1,1 2-2, 1 2-3) to attract 
the first electrode section (33) of the mov- 
able section (3) during a first period, the 
first electrodes {12A+, 12A-, ^2B+, 12B-) 
of the first and third electrode arrays (12, 
12-1, 12-2, 12-3) being maintained at one 
of the first and second levels during the first 
period and the first electrode (12A+, 12A-, 
12B+, 12B-) of the second electrode array 
(1 2, 1 2-2) being maintained at the other of 
the first and second levels during the first 
period, 

the second DC voltage signal being ap- 
plied to the third and fourth electrodes 
(22M. 22N) of the fourth electrode array 
(22) to attract the second electrode section 
(34) of the movable section (3) during a 
second period, 

the third DC voltage signal being applied to 
the second electrodes (12A+, 12A-, 12B+, 
12B-) of the first, second and third elec- 
trode arrays (12.12-1,1 2-2, 1 2-3) to attract 
the first electrode section (33) of the mov- 
able section (3) during a third period, the 
second electrodes (12A+, 12A-, 12B4-, 
12B-) of the first and third electrode arrays 
(12, 12-1, 12-2, 12-3) being maintained at 
one of the first and second levels during the 
third period, the second electrodes (12A-»-, 
12A-, 12B+, 12B-) of the second electrode 
array (12, 12-2) being maintained at the 
other of the first and second levels during 
the third period, and the movable section 
(3) being moved in the first direction in ac- 
cordance with the application of the first, 
second and third DC voltage signals. 



a lens (5) mounted In the movable section (3) 
and movable with the movable section (3), con- 
40 figured to transfer the picture image; and 

an image pick-up element (101) configured to 
receive the transferred picture Image to gener- 
ate a image signal. 
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(57) An electrostatic actuator comprises a first sta- 
ler section (1) having a first electrode array (12) ar- 
ranged in a first direction, and a second stator section 
(2) having a second electrode array (22) of electrodes 
formed in the first direction. A movable section (3) hav- 
ing a fifth electrode (33) and a sixth electrode 34 ar- 
ranged to face the first electrode array (1 2) and the sec- 
ond electrode array (22), respectively, is arranged be- 
tween the first stator section (1) and the second stator 
section (2). A driving circuit (4) alternately perfonns a 



first driving operation in which a DC voltage is applied 
between the adjacent electrodes of the first electrode 
array (12) and a second driving operation in which a DC 
voltage is applied between the electrodes of the second 
electrode array (22). The voltage application is succes- 
sively performed by deviating the positions of the elec- 
trodes to which the DC voltage is applied by the first 
driving operation so as to move the movable section (3) 
in the first direction while vibrating the movable section 
(3) between the first stator section (1) and the second 
stator section (2). 




^ FIG. lA 

Q. 

LU 



pnntcd by Oouvc. 75001 PARIS (FR) (Cont. ncxt page) 

aNSDOCID* <EP 120208eA3 I > 



1 



EP 1 202 099 A3 



1 



FIG. IB 




2 



EP 1 202 099 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apptkatlon Number 
01 30 927/ 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
ot relevant passages 



Relevant 
to claim 



CLASStFiCATlON OF THE 
APPUCATIOW <lnLCI.7) 



A,0 



A,D 



KOGA A ET AL: "Electrostatic linear 

mi croactuator mechanism for focusing a CCD 

camera" 

JOURNAL OF LIGHTWAVE TECHNOLOGY, IEEE. NEW 
YORK, US, 

vol. 17, no. 1, January 1999 (1999-01). 
pages 43-47, XP002199041 
ISSN: 0733-8724 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 
vol. 1996, no. 09, 

30 September 1996 (1996-09-30) 

8» JP 08 140367 A (TOSHIBA CORP). 

31 May 1996 (1996-05-31) 

* abstract; figures ♦ 

PATENT ABSTRACTS OF JAPAN 

vol . 1998, no. 14, 

31 December 1998 (1998-12-31) 

& JP 10 239578 A (TOSHIBA CORP), 

11 September 1998 (1998-09-11) 

* abstract; figures * 

EP 0 381 212 A (HITACHI LTD) 
8 August 1990 (1990-08-08) 

* abstract; figure 5 * 



1-19 



H02N1/00 
60287/04 



1-19 



1-19 



TECHNICAL FIELDS 
SEARCHED 0>«t.CL7} 



The present search report has been drawn up for aU claims 



H02N 
GC2B 



1-19 



Rboo « search 

THE HAGUE 



Daio al conpleitcn ol 9ie saaieh 

26 February 2003 



Ramos, H 



C ATEGOnV OF OfTED DDCt IMFNTS 

X : particularty relevant it laken aloite 
g Y ; particularty relevanl H €o»ntiined with aiH.4tier 
• documoni ot mc same category 

? A : technological background 
O ; noo-wrilteii <i6ciusure 
p : iniermediaSe documeni 



T : theoiy or priicipte underlying the invenik»n 
E : earlier patent nrcuiment. biit puMtshed on. or 

aflBrlhcflBng dale 
0 . document cited In the appltcatinn 
L : documem cRod tor othor reasons 

& mernber ol Ine name patent family, onrrosponding 
documefM 



3 



BNSOOCID <EP 1202099A3 I > 



EP 1 202 099 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 30 9277 



^ rwlvWte^^^^^^^ w'^.^"a.e .ere, g.e„ .o, t.e purpose o, in,orn,ation^ 



26-02-2003 



Patent document 
cited in search report 



Publication 
date 



Patenl family 
member(sk 



Publication 
date 



JP 08140367 
JP 10239578 
EP 0381212 



31-05-1996 



A 11-09-1998 



OP 

NONE 



3095642 B2 



10-10-2000 



A 08-08-1990 



OP 
EP 



2206376 A 
0381212 A2 



16-08-1990 
08-08-1990 



c - ■ ' — " 

I For more defaUs about Ms annex : see Official Jourr^al of the European Patent Office. No. 12/82 



4 



